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©  Low-pressure  mercury  vapour  discharge  lamp. 
@  A  low-pressure  mercury  vapour  discharge  lamp  having  a 
very  satisfactory  colour  rendition  (R(a,8)  a  85)  and  having  a 
colour  temperature  of  at  least  3200  K  and  a  colour  point 
located  on  or  near  the  Planckian  locus.  The  lamp  is  provided 
with  a  luminescent  layer  comprising  : 

a.  a  luminescent  alkaline  earth  metal  halophosphate 
activated  by  Sb3~  or  by  Sb3*  and  Mn2* 

b.  a  luminescent  material  activated  by  Eu2_f  and  having 
an  emission  maximum  at  470-500  nm  and  a  half-width  value 
of  at  most  90  nm  and 

c.  a  luminescent  rare  earth  metal  metaborate  activated 
by  Ce3+  and  Mn2"  and  having  a  fundamental  lattice 
Ln(Mg,Zn,Cd)B6010,  where  Ln  represents  the  elements  Y,  La 
and/or  Gd,  which  borate  has  a  red  Mn2"  emission. 

Preferably,  the  luminescent  layer  comprises  : 
d.  a  luminescent  material  activated  by  Tb3*  and  having 

green  Tb3+  emission. 
With  these  lamps,  the  phenomenon  of  disruption  of 

metamery  is  completely  or  substantially  completely  avoided. 
Furthermore,  the  lamps  have  a  high  luminous  flux  and  a  high 
maintenance  of  the  luminous  flux  during  the  life. 
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A   low-pressure  mercury  vapour  discharge  lamp  having  a 
very  satisfactory  colour  rendition  (R(a,8) ≥  85)  and  having  a 
colour  temperature  of  at  least  3200  K  and  a  colour  point 
located  on  or  near  the  Planckian  locus.  The  lamp  is  provided 
with  a  luminescent  layer  comprising : 

a.  a  luminescent  alkaline  earth  metal  halophosphate 
activated  by  Sb3+  or  by  Sb3+  and  Mn2+ 

b.  a  luminescent  material  activated  by  Eu2*  and  having 
an  emission  maximum  at  470-500  nm  and  a  half-width  value 
of  at  most  90  nm  and 

c.  a  luminescent  rare  earth  metal  metaborate  activated 
by  Ce3+  and  Mn2-  and  having  a  fundamental  lattice 
Ln(Mg,Zn,Cd)B5O10,  where  Ln  represents  the  elements  Y,  La 
and/or  Gd,  which  borate  has  a  red  Mn2+  emission. 

Preferably,  the  luminescent  layer  comprises : 
d  a  luminescent  material  activated  by  Tb3+  and  having 

green  Tb3+  emission. 
With  these  lamps,  the  phenomenon  of  disruption  of 

metamery  is  completely  or  substantially  completely  avoided. 
Furthermore,  the  lamps  have  a  high  luminous  flux  and  a  high 
maintenance  of  the  luminous  flux  during  the  life. 



The  i n v e n t i o n   r e l a t e s   to  a  l o w - p r e s s u r e   m e r c u r y  

v a p o u r   d i s c h a r g e   lamp  h a v i n g   a  v e r y   s a t i s f a c t o r y   c o l o u r  

r e n d i t i o n ,   h a v i n g   a  c o l o u r   t e m p e r a t u r e   of  t h e   e m i t t e d  

w h i t e   l i g h t   of   a t   l e a s t   3200  K  and  h a v i n g   a  c o l o u r   p o i n t  

( x L , y L )   a t   or   n e a r   t h e   P l a n c k i a n   l o c u s ,   w h i c h   i s   p r o v i d e d  

w i t h   a  g a s - t i g h t   r a d i a t i o n - t r a n s p a r e n t   e n v e l o p e   c o n t a i n -  

i n g   m e r c u r y   and  r a r e   gas   and   w i t h   a  l u m i n e s c e n t   l a y e r  

c o n t a i n i n g   a  l u m i n e s c e n t   h a l o p h o s p h a t e   and  a  l u m i n e s c e n t  

m a t e r i a l   a c t i v a t e d   by  b i v a l e n t  e u r o p i u m .  

The  e x p r e s s i o n   "a  v e r y   s a t i s f a c t o r y   c o l o u r   r e n -  
d i t i o n "   i s   to  be  u n d e r s t o o d   i n   t h i s   de  c r i p t i o n   and  t h e  

a p p e n d e d   c l a i m s  t o   mean  t h a t   t h e   a v e r a g e   c o l o u r   r e n d e r i n g  

i n d e x   R ( a , 8 )   ( a v e r a g e   v a l u e   of   t h e   r e n d e r i n g   i n d i c e s - o f  

e i g h t   t e s t   c o l o u r s ,  a s   d e f i n e d   b y  t h e   C o m m i s s i o n   I n t e r n a -  

t i o n a l e   d ' E c l a i r a g e :   P u b l i c a t i o n   CIE  No.  1 3 . 2   ( T C - 3 . 2 ) ,  

1 9 7 4 ) ,   h a s   a  v a l u e   of  a t   l e a s t   8 5 .  

The  c o l o u r   of   v i s i b l e   r a d i a t i o n   i s   c h a r a c t e r i z e d  

by  t h e   c o l o u r   c o - o r d i n a t e s   ( x , y )   w h i c h   d e t e r m i n e   t h e   c o l o u r  

p o i n t   i n   t h e   c o l o u r   t r i a n g l e   ( s e e   P u b l i c a t i o n   C I E  N o .   15 

( E - 1 - 3 - 1 ) ,   1 9 7 1 ) .   Lamps  f o r   g e n e r a l   i l l u m i n a t i o n   p u r p o s e s  
s h o u l d   e m i t   l i g h t   w h i c h   can   be  c o n s i d e r e d   as  " w h i t e " .  

W h i t e   r a d i a t i o n   i s   f o u n d   i n   t h e   c o l o u r   t r i a n g l e   a t   c o l o u r  

p o i n t s   l o c a t e d   on  t h e   P l a n c k i a n   l o c u s .   T h i s   c u r v e ,   w h i c h  

i s   a l s o   d e s i g n a t e d   as  t h e   c u r v e   of   t h e   b l a c k  b o d y   r a d i a t o r s  

and  w h i c h   i s   i n d i c a t e d   h e r e i n a f t e r   as  t h e   c u r v e   P,  c o m -  

p r i s e s   t h e   c o l o u r   p o i n t s   of   t h e   r a d i a t i o n   e m i t t e d   by  a  

c o m p l e t e l y   b l a c k   b o d y   a t   d i f f e r e n t   t e m p e r a t u r e s   ( t h e   s o -  

c a l l e d   c o l o u r   t e m p e r a t u r e ) .   As  t h e   c o l o u r   t e m p e r a t u r e   o f  

w h i t e   r a d i a t i o n   i s   h i g h e r ,   t h e  x   c o - o r d i n a t e   a n d   f r o m   a  

t e m p e r a t u r e   of   a b o u t   2500  K  -   a l s o   t he   y  c o - o r d i n a t e   o f  

t h e   c o l o u r   p o i n t   h a v e   a  s m a l l e r   v a l u e .   A  g i v e n   c o l o u r   t e m -  

p e r a t u r e   i s   a l l o t t e d   n o t   o n l y   to  a  g i v e n   p o i n t   on  t h e   c u r v e  

P,  b u t   a l s o   to  r a d i a t i o n   h a v i n g   c o l o u r   c o - o r d i n a t e s   l o c a t e d  



on  a  l i n e   i n t e r s e c t i n g   t h e   c u r v e   P  a t   t h a t   p o i n t ' ( s e e   t h e  

s a i d   P u b l i c a t i o n   CIE  No.  15) .   I f   t h i s   r a d i a t i o n   has   a  

c o l o u r   p o i n t   n e a r   t h e   c u r v e   P,  t h i s   r a d i a t i o n   i s   a l s o   c o n -  

s i d e r e d   as  w h i t e   l i g h t   h a v i n g   t h a t   g i v e n   c o l o u r   t e m p e r a -  

t u r e .   In   t h i s   d e s c r i p t i o n   and  t h e   a p p e n d e d   c l a i m s ,   t h e   e x -  

p r e s s i o n   "a  c o l o u r   p o i n t   n e a r   t h e   c u r v e   P"  i s   to  be  u n d e r -  

s t o o d   to  mean   t h a t   t h e   d i s t a n c e   of   t h e   c o l o u r   p o i n t   f r o m  

t h e   p o i n t   on  t h e   c u r v e   P  h a v i n g   t h e   same   c o l o u r   t e m p e r a -  

t u r e   i s   a t   m o s t   20  MPCD  (Minimum  P e r c e p t i b l e   C o l o u r   D i f f e -  

r e n c e )   i s   t h e   u n i t   o f   c o l o u r   d i f f e r e n c e ;   s e e   t h e   p u b l i -  

c a t i o n   of   J . J .   R e n n i l s o n   i n   " O p t i c a l   S p e c t r a " ,   O c t o b e r  

1980 ,   p a g e   6 3 .  

A  l a r g e   n u m b e r   of   e m b o d i m e n t s   of   l o w - p r e s s u r e  

m e r c u r y   v a p o u r   d i s c h a r g e   l a m p s   w h i c h   h a v e   b e e n   known  f o r  

t e n s   of   y e a r s   and   a r e   s t i l l   f r e q u e n t l y   u s e d   c o n t a i n   a  

l u m i n e s c e n t   a l k a l i n e   e a r t h   m e t a l   h a l o p h o s p h a t e   a c t i v a t e d  

by  S b   and  M n  .   T h e s e   l a m p s   h a v e   t h e   a d v a n t a g e   t h a t   t h e y  

a r e   i n e x p e n s i v e   a n d   e m i t   a  s a t i s f a c t o r i l y   h i g h   l u m i n o u s  

f l u x .   A  g r e a t   d i s a d v a n t a g e   of   t h e s e   l a m p s ,   h o w e v e r ,   i s  

t h a t   t h e i r   c o l o u r   r e n d i t i o n   l e a v e s   much   to  be  d e s i r e d .  

T h e y   g e n e r a l l y   h a v e   R ( a , 8 )   v a l u e s   o f   t h e   o r d e r   of   50  t o  

60,   and  a  R ( a , 8 )   v a l u e   of   a b o u t   75  i s   o n l y   a t t a i n e d   w i t h  

l a m p s   h a v i n g   a  h i g h   c o l o u r   t e m p e r a t u r e   ( f o r   e x a m p l e ,   5 0 0 0  

K),   w h i c h   i s   n o t   y e t   c o n s i d e r e d   to  be  a  s a t i s f a c t o r y  

c o l o u r   r e n d i t i o n .  

Lamps   w i t h   w h i c h   a  v e r y   s a t i s f a c t o r y   c o l o u r  

r e n d i t i o n   i s   a t t a i n e d   h a v e   b e e n   k n o w n   f o r   a  l o n g   t i m e .  

T h e s e   l a m p s   a r e   p r o v i d e d   w i t h   s p e c i a l   l u m i n e s c e n t   m a t e r i a l s ,  

i . e .   a  t i n - a c t i v a t e d   r e d - l u m i n e s c i n g   m a t e r i a l   on  t he   b a s i s  

o f   s t r o n t i u m   o r t h o p h o s p h a t e ,   f r e q u e n t l y   i n   c o m b i n a t i o n   w i t h  

a  b l u e - e m i t t i n g   h a l o p h o s p h a t e   a c t i v a t e d   by  Sb3+,   more  p a r -  

t i c u l a r l y   a  s t r o n t i u m   h a l o p h o s p h a t e   o f   t h i s   k i n d .   The  s a i d  

s t r o n t i u m   o r t h o p h o s p h a t e   l u m i n e s c e s   i n   a  v e r y   wide   b a n d  

w h i c h   e x t e n d s   i n t o   t h e   d e e p   r e d .   T h e s e   k n o w n   l a m p s   h a v e   t h e  

d i s a d v a n t a g e   i n h e r e n t   to  t h e   u s e   of   t h e   s a i d   s t r o n t i u m  

o r t h o p h o s p h a t e   o f   a  c o m p a r a t i v e l y   s m a l l   l u m i n o u s   f l u x   a n d  

of   a  p o o r   m a i n t e n a n c e   o f   t h e   l u m i n o u s   f l u x   d u r i n g   t h e   l i f e  

o f   t h e   l a m p .   I t   h a s   b e e n   f o u n d   t h a t   t h e   l a s t - m e n t i o n e d  



d i s a d v a n t a g e   i s   a  s e r i o u s   l i m i t a t i o n   to  t he   u s e   o f   t h i s  

m a t e r i a l   in   p r a c t i c e   w i t h   a  h i g h e r   l o a d   by  t he   r a d i a t i o n  

e m i t t e d   by  t h e   m e r c u r y   d i s c h a r g e .  

A  l amp   of   t he   k i n d   d e s c r i b e d   in   t he   o p e n i n g  

p a r a g r a p h   i s   k n o w n   f rom  G e r m a n   P a t e n t   A p p l i c a t i o n   2 , 8 4 8 , 7 2 6 .  

T h i s   lamp  h a v i n g . a   v e r y   s a t i s f a c t o r y   c o l o u r   r e n d i t i o n   c o n -  

t a i n s ,   as  t h e   a f o r e m e n t i o n e d   lamp  t y p e ,   a  r e d - ' l u m i n e s c i n g  

t i n - a c t i v a t e d   s t r o n t i u m   o r t h o p h o s p h a t e   and  f u r t h e r   a  
b o r a t e   p h o s p h a t e   w h i c h   i s   a c t i v a t e d   by  b i v a l e n t   e u r o p i u m  

and  h a s   an  e m i s s i o n   b a n d   h a v i n g   a  m a x i m u m   a t   a b o u t ' 4 8 0   nm 
and  a  h a l f - w i d t h   v a l u e   of   a b o u t   85  nm.  P r e f e r a b l y ,   a  
l u m i n e s c e n t   a l k a l i n e   e a r t h   m e t a l   h a l o p h o s p h a t e   i s   f u r t h e r  

u s e d   in   t h e   l u m i n e s c e n t   l a y e r  o f   t h i s   l a m p .   Due  to  t h e   u s e  
of   t h e   l u m i n e s c e n t   s t r o n t i u m   o r t h o p h o s p h a t e ,   t h i s   k n o w n  

lamp  a g a i n   h a s   t h e   d i s a d v a n t a g e s   of   a  c o m p a r a t i v e l y   s m a l l  

l u m i n o u s   f l u x   and   more   p a r t i c u l a r l y   of   a  p o o r   m a i n t e n a n c e  

of   t h e   l u m i n o u s   f l u x   d u r i n g   t h e   l i f e   of  t h e   l a m p .  
A  s a t i s f a c t o r y   c o l o u r   r e n d i t i o n   ( R ( a , 8 )   v a l u e s  

of   8 0  -   8 5 ) ,   a  h i g h   l u m i n o u s   f l u x   and   a  good   m a i n t e n a n c e  

of   t he   l u m i n o u s   f l u x ,   even   w i t h   h i g h   l o a d s ,   a r e   o b t a i n e d  

w i t h   l a m p s   c o n t a i n i n g   t h r e e   l u m i n e s c e n t   m a t e r i a l s   e m i t t i n g  

in   t h r e e   c o m p a r a t i v e l y   n a r r o w   b a n d s   ( s e e   D u t c h   P a t e n t  

S p e c i f i c a t i o n   1 6 4 , 6 9 7   ( P H N . 7 1 3 7 ) ) .   I n   t h e s e   l a m p s ,   t h e r e   i s  
t he   d r a w b a c k   o f   d i s r u p t i o n   of   t h e   m e t a m e r y   of   c e r t a i n  

c o l o n e s   w h i c h ,   t h o u g h   of   r a r e   o c c u r r e n c e ,   i s   d i s t u r b i n g  
i f   p a r t i c u l a r l y   h i g h   r e q u i r e m e n t s   a r e   i m p o s e d   on  t h e   c o l o u r  
r e n d i t i o n .   The  c o l o u r   i m p r e s s i o n   of   a n  o b j e c t   u n d e r   t h e  

l i g h t   of  a  l amp  i s   t h e n   d i f f e r e n t   f r o m   t h a t   u n d e r   t h e   l i g h t  
of   a  r e f e r e n c e   r a d i a t o r   h a v i n g   t h e   same  c o l o u r   t e m p e r a t u r e .  
The  c o l o u r s   o f   two  o b j e c t s   a r e   g e n e r a l l y   d e s i g n a t e d   as  b e -  

i n g   m e t a m e r i c   i f   t h e s e   o b j e c t s   h a v e   a  d i f f e r e n t   r e f l e c t i o n  

s p e c t r u m ,   b u t   n e v e r t h e l e s s   g i v e   t h e   same  c o l o u r   i m p r e s s i o n  
u n d e r   a  g i v e n   k i n d   of   l i g h t ,   f o r   e x a m p l e ,   d a y - l i g h t .   I f  

u n d e r   a n o t h e r   k i n d   of   l i g h t ,   f o r   e x a m p l e   of   an  i n c a n d e s c e n t  

l a m p ,   t he   c o l o u r   i m p r e s s i o n   of   t h e s e   o b j e c t s   i s   d i f f e r e n t ,  
t h e   m e t a m e r y   i s   s a i d   to  be  d i s r u p t e d .  

The  i n v e n t i o n   has   f o r   i t s   o b j e c t   to  p r o v i d e   l o w -  

p r e s s u r e   m e r c u r y   v a p o u r   d i s c h a r g e   l a m p s   h a v i n g   a  v e r y  



s a t i s f a c t o r y   c o l o u r   r e n d i t i o n   and  more   p a r t i c u l a r l y   a  

s a t i s f a c t o r y   c o l o u r   r e n d i t i o n   of   a  l a r g e   n u m b e r   of   c o l o u r s ,  

as  a  r e s u l t   of  w h i c h   t h e   p o s s i b i l i t y   i s   v e r y   s m a l l   t h a t  

m e t a m e r y   w i l l  b e   d i s r u p t e d ,   w h i l s t   t h e   s a i d   d i s a d v a n t a g e s  

o f   t h e   known   lamp  a r e   e n t i r e l y   or  s u b s t a n t i a l l y   e n t i r e l y  

a v o i d e d .  

F o r   t h i s   p u r p o s e ,   a c c o r d i n g   to  t h e   i n v e n t i o n  

a  l o w - p r e s s u r e   m e r c u r y   v a p o u r   d i s c h a r g e   l amp   of   t h e   k i n d  

m e n t i o n e d   i n   t h e   o p e n i n g   p a r a g r a p h   i s   c h a r a c t e r i z e d   i n  

t h a t   t h e   l u m i n e s c e n t   l a y e r   c o m p r i s e s :  

a.  a t   l e a s t   one  l u m i n e s c e n t   a l k a l i n e   e a r t h   m e t a l   h a l o -  

p h o s p h a t e   a c t i v a t e d   by  t r i v a l e n t   a n t i m o n y   or   b y  

t r i v a l e n t   a n t i m o n y   and   b i v a l e n t   m a n g a n e s e ;  

b.  a t   l e a s t   one  l u m i n e s c e n t   m a t e r i a l   a c t i v a t e d   by  b i v a l e n t  

e u r o p i u m   and  h a v i n g   an  e m i s s i o n   maximum  i n   t h e   r a n g e  
of   f r o m   470  to  500  nm  and  a  h a l f - w i d t h   v a l u e   of  t h e  

e m i s s i o n   b a n d   o f   a t   m o s t   90  nm,  a n d  

c.  a  l u m i n e s c e n t   r a r e   e a r t h   m e t a l   m e t a b o r a t e   o f   m o n o c l i n i c  

c r y s t a l   s t r u c t u r e   w h i c h   i s   a c t i v a t e d   by  t r i v a l e n t  

c e r i u m   and  by  b i v a l e n t   m a n g a n e s e   and   w h o s e   f u n d a m e n t a l  

l a t t i c e   c o r r e s p o n d s   to  t h e   f o r m u l a   L n ( M g , Z n , C d ) B 5 O 1 0 ,  
i n   w h i c h   Ln  i s   a t   l e a s t   one  of   t h e   e l e m e n t s   y t t r i u m ,  

l a n t h a n u m   and   g a d o l i n i u m   and   i n   w h i c h   up  to  20  m o l . %  

of   t h e   B  can   be  r e p l a c e d   by  Al  a n d / o r   Ga,  w h i c h   m e t a -  

b o r a t e   e x h i b i t s   r e d   Mn2+  e m i s s i o n .  

E x p e r i m e n t s   l e a d i n g   to  t h e   i n v e n t i o n   h a v e   s u r -  

p r i s i n g l y   shown  t h a t   a  v e r y   h i g h   v a l u e   o f   R ( a , 8 )   can   a l s o  

be  o b t a i n e d   w i t h   an  e m i s s i o n   w h i c h   h a s   a  much  n a r r o w e r   b a n d  

t h a n   t h a t   o f   t h e   known   l u m i n e s c e n t   s t r o n t i u m   o r t h o p h o s p h a t e ,  

b u t   w h o s e   e m i s s i o n   maximum  l i e s   a t   s u b s t a n t i a l l y   t he   s a m e  

l o c a t i o n .   I t   h a s   b e e n   f o u n d   t h a t   t h e   e m i s s i o n   r a r e   e a r t h  

m e t a l   m e t a b o r a t e s   a c t i v a t e d   by  Ce3+  and  Mn2+  i s   p a r t i c u -  

l a r l y   s u i t a b l e   f o r   t h i s   p u r p o s e .   T h e s e   m e t a b o r a t e s   a r e  

k n o w n   p e r   se  and  a r e   f u r t h e r   d e s c r i b e d   i n   D u t c h   P a t e n t  

A p p l i c a n t s   7 9 0 5 6 8 0   ( P H N . 9 5 4 4 )   and   8 1 0 0 3 4 6   ( P H N . 9 . 9 4 2 ) .  

T h e y   h a v e   a  f u n d a m e n t a l   l a t t i c e   o f   m o n o c l i n i c   c r y s t a l  

s t r u c t u r e   a c c o r d i n g   to  t h e   f o r m u l a   L n ( M g , Z n , C d ) B 5 O 1 0 .   I n  

t h i s   f o r m u l a ,   Ln  i s   a t   l e a s t   one  of   t h e   e l e m e n t s   Y,  La  a n d  



Gd.  In   t h e   b o r a t e   up  to  20  m o l . %   of   t h e   B  can   be  r e p l a c e d  

by  Al  a n d / o r   Ga,  w h i c h ,   l i k e   t h e   c h o i c e   of   t h e   e l e m e n t s  

Mg,  Z n  a n d / o r   Cd,  h a s   l i t t l e   i n f l u e n c e   on  t h e   l u m i n e s c e n t  

p r o p e r t i e s .   The  Ce  a c t i v a t o r   i s   b u i l t - i n   a t   a n  L n   l o c a t i o n  

( and   may  e v e n   o c c u p y   a l l   Ln  l o c a t i o n s )  a n d   a b s o r b s   t h e  

e x c i t i n g   r a d i a t i o n   e n e r g y   ( m a i n l y   254  nm  i n   a  l o w - p r e s s u r e  

m e r c u r y   v a p o u r   d i s c h a r g e   l a m p )   and   t r a n s m i t s   i t   to  t h e   Mn 

a c t i v a t o r   w h i c h  i s   b u i l t - i n   a t   an  Mg  ( a n d / o r   Nz  a n d / o r   C d )  

l o c a t i o n .   The  b o r a t e   h a s   a  v e r y   e f f i c i e n t   e m i s s i o n   o r i g i -  

n a t i n g   f r o m   Mn2+  i n   a  b a n d   h a v i n g   a  maximum  a t   a b o u t  6 3 0  

nm  and  a  h a l f - w i d t h   v a l u e   of   a b o u t   80  n m .  

A  g r e a t   a d v a n t a g e   of   t h e   u s e   o f   t h e   m e t a b o r a t e  

i n   a  lamp  a c c o r d i n g   to  t h e   i n v e n t i o n   i s   t h a t   a l s o   due   t o  

t h e   c o m p a r a t i v e l y   s m a l l   q u a n t i t y   of   r a d i a t i o n   e n e r g y   i n  

t h e   d e e p   r e d   p a r t   o f   t h e   s p e c t r u m ,   h i g h   l u m i n o u s   f l u x e s  

can   be  o b t a i n e d .   I t   h a s   f u r t h e r   b e e n   f o u n d   t h a t   t h e   m e t a -  

b o r a t e s   h a v e   a  v e r y   f a v o u r a b l e   l amp  b e h a v i o u r .   T h i s   m e a n s  

t h a t ,   a t   a p p l i c a t i o n   i n   a  l a m p ,   t h e y   r e t a i n   t h e i r   f a v o u r -  

a b l e   l u m i n e s c e n t   p r o p e r t i e s ,   and  t h a t   t h e y   e x h i b i t   o n l y   a  

s l i g h t   d e c r e a s e   i n   l u m i n o u s   f l u x   d u r i n g   t h e   l i f e   of   t h e  

l a m p .   T h i s   i s   a l s o   t h e   c a s e   w i t h   a  c o m p a r a t i v e l y   h i g h  
r a d i a t i o n   l o a d ,   f o r   e x a m p l e ,   i n   l a m p s   h a v i n g   a  s m a l l   d i a -  

m e t e r   o f ,   f o r   e x a m p l e ,   24  mm.  I t   s h o u l d   be  n o t e d   t h a t   t h e  

u s e   of   t h e   k n o w n   l u m i n e s c e n t   s t r o n t i u m   o r t h o p h o s p h a t e   h a s  
r e m a i n e d   l i m i t e d   i n   p r a c t i c e   g e n e r a l l y   to  l a m p s   h a v i n g   a  

l a r g e   d i a m e t e r   (36  mm)  b e c a u s e   o f   t h e   h i g h   d e c r e a s e   i n  

l u m i n o u s   f l u x   e s p e c i a l l y   w i t h   a  h i g h   l o a d .  

I t   h a s   f u r t h e r   b e e n   f o u n d   t h a t   w i t h   t h e   u s e   o f  

t he   m e t a b o r a t e   i n   l a m p s ,   n o t   o n l y   h i g h   to  v e r y   h i g h   v a l u e s  

f o r   t h e   g e n e r a l   c o l o u r   r e n d e r i n g   i n d e x   ( R ( a , 8 )   v a l u e s   o f  
a t   l e a s t   85)  can   be  o b t a i n e d ,   b u t   t h a t   a l s o   a  l a r g e   n u m b e r  

of   i n d i v i d u a l   o b j e c t   c o l o u r s   can   be  r e p r o d u c e d   v e r y   s a t i s -  

f a c t o r i l y .   T h i s   b e c o m e s   m a n i f e s t   i f   t h e   a v e r a g e   c o l o u r  

r e n d i t i o n   i s   d e t e r m i n e d   on  t h e   b a s i s   of  a  s e r i e s   of   94  t e s t  

c o l o u r s   as  p r o p o s e d   b y  J . J .   O p s t e l t e n   i n   " L i g h t i n g   R e s e a r c h  

and  T e c h n o l o g y " ,   V o l .   12,  N o .  4 ,   1980 ,   pp .   1 8 6 - 1 9 4 .   T h i s  

g r o u p   of   94  t e s t   c o l o u r s   c o m p r i s e s   b o t h   u n s a t u r a t e d   a n d  

h i g h l y   s a t u r a t e d   c o l o u r s   and  has   c o l o u r   p o i n t s   more   or   l e s s  



r e g u l a r l y   d i s t r i b u t e d   i n   t h e   c o l o u r   s p a c e .   W i t h   l a m p s   a c -  

c o r d i n g   to  t h e  i n v e n t i o n ,   a  v a l u e   o f   t h i s   a v e r a g e   c o l o u r  

r e n d e r i n g   i n d e x   R ( a , 9 4 )   of   a t   l e a s t   85  i s   o b t a i n e d .   A 

g r e a t   a d v a n t a g e   o f   t h e   l a m p s   a c c o r d i n g   to  t h e   i n v e n t i o n  

i n h e r e n t   to  t h e   h i g h   v a l u e   of   R ( a , 9 4 )   i s   t h a t   e r r o r s   i n  

t h e   c o l o u r   r e n d i t i o n   due  to  t h e   f a c t   t h a t   m e t a m e r y   i s  

d i s r u p t e d   a r e   e n t i r e l y   or   s u b s t a n t i a l l y   e n t i r e l y   a v o i d e d .  

I n   o r d e r   to  o b t a i n   s u c h   h i g h   v a l u e s   o f   R ( a , 8 )  

and  R ( a , 9 4 ) ,   i n   a  l amp   a c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e  

m e t a b o r a t e   ( t h e   m a t e r i a l  c )   h a s   to  be  c o m b i n e d   w i t h   a  

m a t e r i a l   a c t i v a t e d   by  b i v a l e n t   e u r o p i u m   and  h a v i n g   a n  

e m i s s i o n   maximum  i n   t h e   r a n g e   of   f r o m   470  to  500  nm  a n d  

a  h a l f - w i d t h   v a l u e   o f   t h e   e m i s s i o n   b a n d   of   a t   m o s t   90  nm 

( t h e   m a t e r i a l   b ) ,   and   w i t h   a t   l e a s t   one  l u m i n e s c e n t   h a l o -  

p h o s p h a t e   ( t h e   m a t e r i a l   a)  of   t h e   g r o u p   of   t h e   a l k a l i n e  

e a r t h   m e t a l   h a l o p h o s p h a t e s   a c t i v a t e d   by  Sb  or   by  Sb  a n d  

Mn.  An  a d v a n t a g e   of   t h e   b l u e - l u m i n e s c i n g   m a t e r i a l s   b  i s  

t h a t   t h e y   c a n   be  v e r y   e f f i c i e n t   and   t h a t   due  to  t h e   c o m -  

p a r a t i v e l y   n a r r o w   b a n d   of   t h e   e m i s s i o n ,   t h e y   s u b s t a n t i a l l y  

do  n o t   e m i t   r a d i a t i o n   in   t he   s h o r t - w a v e   p a r t   of   t he   s p e c -  
t r um  i n   w h i c h   t h e   eye  s e n s i t i v i t y   i s   s u b s t a n t i a l l y   z e r o .  

F u r t h e r m o r e ,   t h e   m a t e r i a l s   a c t i v a t e d   by  b i v a l e n t   e u r o p i u m  

g e n e r a l l y   h a v e   t h e   a d v a n t a g e   t h a t   t h e y   a b s o r b   a t   l e a s t   i n  

p a r t   t h e   b l u e   m e r c u r y   l i n e   e m i t t e d   by  t h e   m e r c u r y   d i s -  

c h a r g e .   The  h a l o p h o s p h a t e s  a   h a v e   t h e   a d v a n t a g e   of   a n  

e f f i c i e n t   e m i s s i o n   h a v i n g   a  b r o a d   b a n d   and  e x c e l l e n t l y  

c o m p l e m e n t i n g   t h e   s p e c t r u m   of   t h e   r a d i a t i o n   e m i t t e d   by  t h e  

m a t e r i a l s   b  a n d   c .  

The  h a l o p h o s p h a t e s   u s e d   as  m a t e r i a l  a   a r e   l u m i n e s -  

c e n t   m a t e r i a l s   w h i c h   h a v e   b e e n   k n o w n   f o r   a  l o n g   t i m e .   T h e y  

h a v e   t h e   c r y s t a l   s t r u c t u r e   o f   t h e   m i n e r a l   a p a t i t e   a n d ,   a s  

i s   k n o w n ,   t h e i r   c o m p o s i t i o n   g e n e r a l l y   d e v i a t e s   s l i g h t l y  

f rom  t h e   s t o i c h i o m e t r i c   f o r m u l a   M 1 0 ( P O 4 ) 6 X 2 ,   (M  =  a l k a l i n e  

e a r t h   m e t a l ,   X  i s   h a l o g e n ) .   As  a l k a l i n e   e a r t h   m e t a l   u s e  

i s   m a i n l y   made  o f   c a l c i u m   a n d / o r   s t r o n t i u m .   I f   o n l y   Sb  i s  

u s e d   as  an  a c t i v a t o r ,   a  b r o a d - b a n d   e m i s s i o n   i s   o b t a i n e d  

in   t h e   b l u e   p a r t   of   t h e   s p e c t r u m .   I f   Mn  i s   a l s o   a d d e d   a s  

an  a c t i v a t o r ,   w h i t e - l u m i n e s c i n g   m a t e r i a l s   can   be  o b t a i n e d  



w h o s e   c o l o u r   t e m p e r a t u r e   i s   m a i n l y   d e t e r m i n e d   by  t h e   S b  :  

Mn  r a t i o .   As  h a l o g e n ,   f l u o r i n e   a n d / o r   c h l o r i n e   i s   g e n e r a l l y  

u s e d   i n   t h e   h a l o p h o s p h a t e .   W i t h   a  g i v e n   F  :   Cl  r a t i o ,   t h e  

c o l o u r   p o i n t   of   t he   r a d i a t i o n   e m i t t e d   by  t he   h a l o p h o s p h a t e  

l i e s   on  or   s u b s t a n t i a l l y   on  t h e   P l a n c k i a n   l o c u s .   I f   t h i s  

r a t i o   a s s u m e s   l o w e r   v a l u e s ,   t h e   c o l o u r   p o i n t   i s   s h i f t e d  

to  l o c a t i o n s   b e l o w   t h e   P l a n c k i a n   l o c u s ,   w h e r e a s   w i t h  

h i g h e r   v a l u e s   of   F  :   Cl  t h e   c o l o u r   p o i n t   i s   s h i f t e d  t o   l o -  

c a t i o n s   a b o v e   t h i s   c u r v e .   T h u s ,   f o r   e x a m p l e ,   y e l l o w - l u -  

m i n e s c i n g   h a l o p h o s p h a t e s   a r e   a l s o   k n o w n .  

Lamps  a c c o r d i n g   to  t h e   i n v e n t i o n   a r e   p r e f e r r e d ,  

w h i c h   a r e   c h a r a c t e r i z e d   i n   t h a t   t h e   l u m i n e s c e n t   h a l o p h o s -  

p h a t e  a   i s   a  c a l c i u m   h a l o p h o s p h a t e   a c t i v a t e d   by  a n t i m o n y  

and   m a n g a n e s e   and  h a v i n g   a  c o l o u r   t e m p e r a t u r e   of   t h e   e m i t -  

t e d   r a d i a t i o n   of   a t   l e a s t   2900  K.  In   f a c t ,   when  c o m p a r e d  

w i t h   t h e   s t r o n t i u m   h a l o p h o s p h a t e s ,   t h e   c a l c i u m  h a l o p h o s -  

p h a t e s   h a v e   a  s m a l l e r   d e c r e a s e   i n   l u m i n o u s   f l u x   d u r i n g   t h e  

l i f e   of   t h e   lamp  e v e n   w i t h   a  h i g h   l o a d ,   f o r   e x a m p l e ,  i n  

l a m p s   h a v i n g   a  s m a l l   d i a m e t e r .   An  a d d i t i o n a l   a d v a n t a g e   o f  

c a l c i u m   h a l o p h o s p h a t e s   i s   t h a t   t h e y   a r e   f r e q u e n t l y   u s e d  

and  a r e   i n e x p e n s i v e   and  can   be  o b t a i n e d   w i t h   any   d e s i r e d  

c o l o u r   t e m p e r a t u r e   f rom  a b o u t   2900  K.  A  d e s i r e d   c o l o u r  

t e m p e r a t u r e   can  be  o b t a i n e d   n o t   o n l y  b y   a  s u i t a b l e   c h o i c e  

of   t h e   S b  :   Mn  r a t i o ,   b u t   a l s o   by  t h e   u s e   of   m i x t u r e s   o f  

two  h a l o p h o s p h a t e s   h a v i n g   d i f f e r e n t   c o l o u r   t e m p e r a t u r e s .  

A  h a l o p h o s p h a t e   h a v i n g   a  v e r y   h i g h   c o l o u r   t e m p e r a t u r e   c a n  

a l s o   be  o b t a i n e d   by  m i x i n g  a   b l u e - l u m i n e s c i n g   S b - a c t i v a t e d  

h a l o p h o s p h a t e   w i t h   a  w h i t e - l u m i n e s c i n g   Sb-  and  M n - a c t i v a t e d  

h a l o p h o s p h a t e .   T h i s   s u b s t a n t i a l l y   c o n t i n u o u s   p o s s i b i l i t y  

of   c h o o s i n g   t he   c o l o u r   t e m p e r a t u r e   of  t he   h a l o p h o s p h a t e  

r e n d e r s   an  o p t i m i z a t i o n   of   l a m p s   a c c o r d i n g   to  t h e   i n v e n t -  

i o n   q u i t e   p o s s i b l e ,   w h i c h   w i l l   be  e x p l a i n e d   f u r t h e r   h e r e i n -  

a f t e r .  

P r e f e r a b l y ,   a  lamp  a c c o r d i n g   to  t h e   i n v e n t i o n  

i s   c h a r a c t e r i z e d   in   t h a t   t h e   l u m i n e s c e n t   l a y e r   c o n t a i n s  

a  m a t e r i a l   (d)  a c t i v a t e d   by  t r i v a l e n t   t e r b i u m   w h i c h   h a s  

a  g r e e n   Tb3+  e m i s s i o n .   The  u s e   o f   t he   T b - a c t i v a t e d   l u m i n e s -  

c e n t   m a t e r i a l s   a f f o r d s   t h e   a d v a n t a g e   t h a t   a  l a r g e r   c o l o u r  



t e m p e r a t u r e   r a n g e   b e c o m e s   p o s s i b l e   f o r   t h e   l a m p s   a c c o r d i n g  
to  t h e   i n v e n t i o n .   I n   g e n e r a l ,   s u c h   a  m a t e r i a l   i s   n e c e s s a r y  

i f   l a m p s   h a v i n g   a  c o m p a r a t i v e l y   low  c o l o u r   t e m p e r a t u r e  

( o f   f r o m   3200   K  to  a b o u t   4200  K)  s h o u l d   be  o b t a i n e d   w i t h  

t h e   s a i d   h i g h   v a l u e s   of   R ( a , 8 )   and   R ( a , 9 4 ) .   I t   h a s   a l s o  

b e e n   f o u n d   t h a t   f o r   h i g h e r   c o l o u r   t e m p e r a t u r e s   t h e   o p t i m u m  

r e s u l t s   a r e   g e n e r a l l y   o b t a i n e d   i f   a  m a t e r i a l   h a v i n g   a  T b -  

e m i s s i o n   i s   u s e d .   The  T b - e m i s s i o n   p r o v i d e s   an  a d d i t i o n a l  

d e g r e e   o f   f r e e d o m ,   as  a  r e s u l t   o f   w h i c h   an  o p t i m i z a t i o n  

b e c o m e s   m o r e   r e a d i l y   p o s s i b l e .   F u r t h e r m o r e ,   t h e   u s e   of   T b -  

a c t i v a t e d   l u m i n e s c e n t   m a t e r i a l s   h a s   t h e   a d v a n t a g e   t h a t   s u c h  

g r e e n - l u m i n e s c i n g   m a t e r i a l s   a r e   g e n e r a l l y   v e r y   e f f i c i e n t  

and  c o n t r i b u t e   s i g n i f i c a n t l y   to  t h e   l u m i n o u s   f l u x   e m i t t e d  

by  t h e   l a m p .   As  m a t e r i a l  d   u s e   may  be  made  o f ,   f o r   e x a m p l e ,  

t h e  k n o w n   T b - a c t i v a t e d   c e r i u m   m a g n e s i u m   a l u m i n a t e s   ( s e e  

D u t c h   P a t e n t   S p e c i f i c a t i o n   1 6 0 , 8 6 9   (PHN  6 6 0 4 ) )   or   c e r i u m  

a l u m i n a t e s   ( s e e   D u t c h   P a t e n t   A p p l i c a t i o n   7 2 1 6 7 6 5  

( P H N . 6 6 5 4 ) ) ,   w h i c h   a l u m i n a t e s   h a v e   a  h e x a g o n a l   c r y s t a l  

s t r u c t u r e   r e l a t e d   to  m a g n e t o p l u m b i t e .   A  Ce-  and  T b - a c t i v a t e d  

m e t a b o r a t e   i s   a l s o   v e r y   s u i t a b l e ,   w h o s e   f u n d a m e n t a l   l a t t i c e  

i s   t h e   same  as  t h a t   of   t he   m e t a b o r a t e s   h a v i n g   r e d   M n 2 +  

e m i s s i o n   ( t h e   m a t e r i a l   £) .   In   t h e s e   known   b o r a t e s   ( s e e   t h e  

a f o r e m e n t i o n e d   D u t c h   P a t e n t   A p p l i c a t i o n s   7 9 0 5 6 8 0   a n d  

8 1 0 0 3 4 6 )   Ce  and   Tb  a r e   b u i l t - i n   a t   an  Ln  l o c a t i o n   and  t h e  

e x c i t i n g   r a d i a t i o n   i s   a b s o r b e d   by  t h e   c e r i u m   and  t r a n s m i t -  

t e d   to  t h e   t e r b i u m   a c t i v a t o r .   The  s a i d   T b - a c t i v a t e d   m a t e -  

r i a l s   a l l   h a v e  a   v e r y   f a v o u r a b l e   l amp  b e h a v i o u r   and  e s p e -  

c i a l l y   a  g o o d   m a i n t e n a n c e   of   t h e   h i g h   l u m i n o u s   f l u x   d u r i n g  

t h e   o p e r a t i o n   o f   t h e   l a m p s .  

An  e m b o d i m e n t   of  a  l amp  a c c o r d i n g   to  t h e   i n v e n t -  

i o n ,   w h i c h   i s   p r e f e r r e d ,   i s   c h a r a c t e r i z e d   i n   t h a t   t h e  

l u m i n e s c e n t   m e t a b o r a t e  c   i s   f u r t h e r   a c t i v a t e d   by  t r i v a l e n t  

t e r b i u m ,   t h e   m e t a b o r a t e  c   b e i n g   a t   t h e   same  t i m e   t h e   m a t e -  

r i a l  d   and   s a t i s f y i n g   t he   f o r m u l a  

i n   w h i c h   0 . 0 1 @ x @ 1 - y  

0 . 0 1  @   y  @ 0 . 7 5  

0 . 0 1  @  p  @  0 . 3 0 ,   and  i n   w h i c h   up  to  20  m o l . %   o f  



t h e   B  can   be  r e p l a c e d   by  Al  a n d / o r   G a .   T h i s   l amp  h a s   t h e  

g r e a t   a d v a n t a g e   t h a t   b o t h   t h e   r e d   Mn2+  e m i s s i o n   and  t h e  

g r e e n   Tb3+  e m i s s i o n   a r e   s u p p l i e d   by  one  l u m i n e s c e n t  m a t e -  

r i a l .   T h u s ,   t he   m a n u f a c t u r e   of   t h e   l a m p s   i s   o f   c o u r s e   s i m -  

p l i f i e d   b e c a u s e   a  s m a l l e r   n u m b e r   of   l u m i n e s c e n t   m a t e r i a l s  

a r e   r e q u i r e d .   In   t h e s e   l a m p s ,   t h e   d e s i r e d   r e l a t i v e  r e d  

Mn2+  c o n t r i b u t i o n   and   g r e e n   Tb3+  c o n t r i b u t i o n   can   be  a d -  

j u s t e d   by  v a r y i n g   t h e   c o n c e n t r a t i o n s   of   Mn  and   Tb  i n   t h e  

m e t a b o r a t e .   As  w i l l   a p p e a r   h e r e i n a f t e r ,   t h e  v a l u e   of   t h e s e  

r e l a t i v e   c o n t r i b u t i o n s   i s   d e p e n d e n t   u p o n   t h e   d e s i r e d   c o l o u r  

p o i n t   of  t h e   lamp  and  u p o n   t h e   l u m i n e s c e n t   m a t e r i a l s   a  a n d  

b  u s e d .   I t   i s   p o s s i b l e   to  m a n u f a c t u r e   and   to  o p t i m i z e   o n e  

l u m i n e s c e n t   m e t a b o r a t e ,   w h o s e   r a t i o   b e t w e e n   t h e   Mn2+  e m i s -  

s i o n   and  t h e   Tb3+  e m i s s i o n   h a s   a  v a l u e   n e a r   t h e   a v e r a g e  

d e s i r e d   v a l u e   and  t o  c a r r y   o u t   i n   a  g i v e n   l amp  a p p l i c a t i o n  

a  c o r r e c t i o n   ( d e p e n d e n t   u p o n   t h e   d e s i r e d   c o l o u r   p o i n t )  

w i t h   e i t h e r   a  s m a l l   q u a n t i t y   of   a  r e d -   or   d e e p   r e d - l u m i n e s -  

c i n g   m e t a b o r a t e   o r  w i t h   a  s m a l l   q u a n t i t y   of   a  g r e e n . o r  

d e e p   g r e e n - l u m i n e s c i n g   T b - a c t i v a t e d   m a t e r i a l .   I t   i s   o f  

c o u r s e   a l s o   p o s s i b l e   to  o p t i m i z e   two  l u m i n e s c e n t   m e t a b o r a t e s  

w i t h   w h i c h   l a m p s   of   any   d e s i r e d   c o l o u r   t e m p e r a t u r e   may  b e  

r e a l i z e d   by  t he   u s e   of   s u i t a b l e   m i x t u r e s   o f   t h e s e   t w o  

m a t e r i a l s .  

In   a  lamp  a c c o r d i n g   to  t h e   i n v e n t i o n ,   w h o s e   l u -  

m i n e s c e n t   l a y e r   c o m p r i s e s   as  c o n s t i t u e n t s  t h e   m a t e r i a l s   a ,  

b,  c  and ,   as  t he   c a s e   may  be ,   d,  t h e   c h o i c e   of   one  o f  

t h e s e   m a t e r i a l s   i s   d e t e r m i n e d   n o t   o n l y   by  t h e   d e s i r e d  

c o l o u r   p o i n t ,   b u t   a l s o   by  t h e   c h o i c e   of   t h e   r e m a i n i n g  

l u m i n e s c e n t   m a t e r i a l s .   T h u s ,   i t   h a s   b e e n   f o u n d   t h a t   t h e  

c h o i c e   of  a  s p e c i f i c   b l u e - l u m i n e s c i n g   m a t e r i a l   (b)  a c t i -  

v a t e d   by  Eu2+  f o r   a  l amp  h a v i n g   a  g i v e n   c o l o u r   t e m p e r a t u r e  

l e a d s   to  a  g i v e n   g r o u p   of   h a l o p h o s p h a t e s   ( a )   t h a t   can  p o s -  

s i b l y   be  u s e d ,   w h e r e b y   any   o t h e r   h a l o p h o s p h a t e s   h a v e   t o  

be  e x c l u d e d   i f   t h e y   w o u l d   l e a d   to  l a m p s   h a v i n g   t oo   l o w  

v a l u e s   ( < 8 5 )   of  R ( a , 8 )   and   R ( a , 9 4 ) .   I f   a  s p e c i f i c   c h o i c e  

i s   t h e n   made  f rom  t h e   g r o u p   of   t h e   h a l o p h o s p h a t e s   t h a t   c a n  

p o s s i b l y   be  u s e d ,   i t   i s   f o u n d   t h a t   t h e   l amp  h a v i n g  t h e  

d e s i r e d   c o l o u r   t e m p e r a t u r e ,   a p a r t   f r om  t h e   c o l o u r   r e n d i t i o n  



r e q u i r e m e n t s   i m p o s e d ,   can   be  o b t a i n e d   c n l y   w i t h  t h e   u s e   o f  

a  g i v e n   s e r i e s   of   m i x t u r e s   o f   t h e   l u m i n e s c e n t   m a t e r i a l s  

c  and  d.  The  s e r i e s   of   m i x t u r e s   t h a t   can   p o s s i b l y   be  u s e d  

of   t h e   m a t e r i a l s   c  and  d  i s   g e n e r a l l y   l i m i t e d   f u r t h e r   b y  

t h e   r e q u i r e m e h t   t h a t   t h e   l amp  m u s t   h a v e   R ( a , 8 )   and  R ( a , 9 4 )  

v a l u e s   o f   a t   l e a s t   8 5 .  

F o r   f u r t h e r   e x p l a n a t i o n ,   r e f e r e n c e   i s   made  t o  

F i g u r e   1  o f   t h e   d r a w i n g .   T h i s   F i g u r e   r e p r e s e n t s   a  p a r t  

o f   t h e   c o l o u r   t r i a n g l e   i n   t h e   ( x , y )   c o l o u r   c o - o r d i n a t e  

p l a n e .   The  x - c o - o r d i n a t e   i s   p l o t t e d   on  t h e   a b s c i s s a   a n d  

t h e   y - c o - o r d i n a t e   of   t h e   c o l o u r   p o i n t   i s   p l o t t e d   on  t h e  

o r d i n a t e .   Of  t h e   s i d e s   of   t h e   c o l o u r   t r i a n g l e   i t s e l f ,   o n  

w h i c h   t h e   c o l o u r   p o i n t s   of   m o n o c h r o m a t i c   r a d i a t i o n   a r e  

l o c a t e d ,   o n l y   t h e   p a r t   d e n o t e d   by  M  i s   v i s i b l e   i n   F i g u r e   1 .  

The  F i g u r e   s h o w s   f o r   c o l o u r   t e m p e r a t u r e s   of   f r o m   a b o u t  

2500  K  to  a b o u t   8000  K  t h e   P l a n c k i a n   l o c u s   d e n o t e d   by  P .  

The  d o t t e d   c u r v e s   d e s i g n a t e d   by  +20  MPCD  and  -20   MPCD 

c o m p r i s e   t h e   c o l o u r   p o i n t s   o f   r a d i a t i o n   w h i c h   a r e   l o c a t e d  

a t   a  d i s t a n c e   o f   20  MPCD  a b o v e   and   b e l o w   t h e   c u r v e   P ,  

r e s p e c t i v e l y .   C o l o u r   p o i n t s   o f   c o n s t a n t   c o l o u r   t e m p e r a t u r e  

a r e   l o c a t e d   on  l i n e s   i n t e r s e c t i n g   t h e   c u r v e   P.  A  n u m b e r  

o f   t h e s e   l i n e s   a r e   d r a w n   and  i n d i c a t e d   w i t h   t h e   a s s o c i a t e d  

c o l o u r   t e m p e r a t u r e :   2500  K,  3000   K  . . .   8000  K.  F i g u r e   1 

f u r t h e r   i n d i c a t e s   i n   n u m e r a l s   and   l e t t e r s   t h e   c o l o u r   p o i n t  

of   a  n u m b e r   of   l a m p s   and  l u m i n e s c e n t   m a t e r i a l s .   I n   t h i s  

d e s c r i p t i o n   and  t h e   a p p e n d e d   c l a i m s ,   t he   c o l o u r   p o i n t   o f  

a  l u m i n e s c e n t   m a t e r i a l   i s   to  be  u n d e r s t o o d   to  mean   t h e  

c o l o u r   p o i n t   of   a  l o w - p r e s s u r e   m e r c u r y   v a p o u r   d i s c h a r g e  

l amp  h a v i n g   a  l e n g t h   of   a b o u t   120  cm  and  an  i n n e r   d i a m e t e r  

o f   a b o u t   24  mm  and   o p e r a t e d   w i t h   a  p o w e r   c o n s u m p t i o n   o f  

36  W,  w h i c h   lamp  i s   p r o v i d e d   w i t h   a  l u m i n e s c e n t   l a y e r   w h i c h  

c o m p r i s e s   o n l y   t h e   s a i d   l u m i n e s c e n t   m a t e r i a l ,   t h e   c h o s e n  

v a l u e   o f   t h e   l a y e r   t h i c k n e s s   b e i n g   an  o p t i m u m   as  r e g a r d s  

t h e   r e l a t i v e   l u m i n o u s   f l u x .   T h e r e f o r e ,   f o r   t h e   c o l o u r  

p o i n t s   o f   l u m i n e s c e n t   m a t e r i a l s   t h e   i n f l u e n c e   o f   t h e  

v i s i b l e   r a d i a t i o n   e m i t t e d   by  a  l o w - p r e s s u r e   m e r c u r y   v a p o u r  

d i s c h a r g e   l amp  i t s e l f   i s   a l w a y s   t a k e n   i n t o   a c c o u n t .   I t  

s h o u l d   be  n o t e d   t h a t   t h e   l u m i n o u s   e f f i c i e n c y   of   t h e  



l u m i n e s c e n t   m a t e r i a l   s t i l l  s l i g h t l y   i n f l u e n c e s   t h e   l o c a t i o n  

of   t h e   c o l o u r   p o i n t .   The  u s e   of   t h e   l u m i n e s c e n t   m a t e r i a l s  

i n   l o w - p r e s s u r e   m e r c u r y   v a p o u r   d i s c h a r g e   l a m p s   o t h e r   t h a n  

t h e   s a i d   36  W - t y p e   w i l l   g e n e r a l l y  l e a d  t o   o n l y   a  v e r y  s m a l l  

s h i f t   of  t h e   c o l o u r   p o i n t s   w i t h   r e s p e c t   to  t h o s e   s h o w n  

h e r e i n .  

In   F i g u r e   1 ,  c   d e n o t e s   t h e   c o l o u r   p o i n t   of   a  

r e d - l u m i n e s c i n g   m e t a b o r a t e   a c t i v a t e d   by  Ce  and   Mn  a n d  

h a v i n g   t h e   c o l o u r   c o - o r d i n a t e s   ( x ; y )  =   ( 0 . 5 4 6 ;   0 . 3 0 1 ) .  

d  d e n o t e s   t h e   c o l o u r   p o i n t   of   a  g r e e n - l u m i n e s c i n g   T b -  

a c t i v a t e d   m a t e r i a l .   The  p o i n t s   d e s i g n a t e d   by  t h e   r e f e r e n c e  

n u m e r a l s   17,  18  and  20  a r e   t h e   c o l o u r   p o i n t s   of   t h r e e  

l u m i n e s c e n t   m a t e r i a l s   a c t i v a t e d   by  b i v a l e n t   e u r o p i u m   a n d  

h a v i n g   an  e m i s s i o n   maximum  b e t w e e n   470  and  500  nm.  T h e  

g r a p h   shown  i n   F i g u r e   1  f u r t h e r   i n d i c a t e s   t h e   c o l o u r   p o i n t s  

o f   a  n u m b e r   of   c o n v e n t i o n a l   c a l c i u m   h a l o p h o s p h a t e s   e m i t -  

t i n g   w h i t e   l i g h t   and  h a v i n g   d i f f e r e n t   c o l o u r   t e m p e r a t u r e s  

( t h e   p o i n t s   7,  8,  9  and  15 ) ,   of   b l u e - l u m i n e s c i n g   S b - a c t i -  

v a t e d   c a l c i u m   h a l o p h o s p h a t e   ( p o i n t   19)  and  o f   y e l l o w -  

l u m i n e s c i n g   Sb-  and  M n - a c t i v a t e d   c a l c i u m   f l u o r o p h o s p h a t e  

( p o i n t   1 0 ) .  O t h e r   c o l o u r   t e m p e r a t u r e s   a r e   p o s s i b l e   b y  

v a r y i n g   t h e   S b  :   Mn  r a t i o ,   b u t   a l s o   by  u s i n g   m i x t u r e s   o f  

h a l o p h o s p h a t e s .   T h u s ,   01,   02,   0 3  a n d   04  i n   F i g u r e   1  i n d i -  

c a t e   t h e   c o l o u r   p o i n t s   of   m i x t u r e s   of   t h e   m a t e r i a l s   15 

and  9,  and  05,  06,   07  and  08  i n d i c a t e   t h e   c o l o u r   p o i n t s   o f  

m i x t u r e s   of   t h e   m a t e r i a l s   15  and  19.  T h e  f o l l o w i n g   T a b l e  

1  i n d i c a t e s   t h e   c o l o u r   c o - o r d i n a t e s   and  t h e   c o l o u r   t e m p e -  

r a t u r e s   of   t h e   s a i d   h a l o p h o s p h a t e s .  



W i t h   t h e   u s e   of  two  l u m i n e s c e n t   m a t e r i a l s   i n   a  

l a m p ,   a l l   t h e   c o l o u r   p o i n t s   l o c a t e d   on  t h e   c o n n e c t i o n   l i n e  

of   t h e   c o l o u r   p o i n t s   of   t he   two  c h o s e n   m a t e r i a l s   can   b e  

a t t a i n e d .   By  way  of   e x a m p l e ,   i n   F i g u r e   1  t h e   c o n n e c t i o n  

l i n e   K  of   t h e   c o l o u r   p o i n t s   o f   t h e   h a l o p h o s p h a t e   9  a n d  

of   t h e   b l u e - l u m i n e s c i n g   m a t e r i a l   18  i s   r e p r e s e n t e d .   T h e  

l o c a t i o n   of   t h e   c o l o u r   p o i n t s   l y i n g   on  t h e   l i n e   K  of   l a m p s  

o n l y   p r o v i d e d   w i t h   t h e   m a t e r i a l s   9  and   18  i s   i n v a r i a b l y  

d e t e r m i n e d   by  t h e   r e l a t i v e   q u a n t u m   c o n t r i b u t i o n s   of   t h e  

m a t e r i a l s   9  and   18  to  t h e   r a d i a t i o n   e m i t t e d   by  t h e   l a m p .  

The  d i s t a n c e   of   t h e   c o l o u r   p o i n t   o f   t h e   l amp  f r o m   t h e  

p o i n t   9  d i v i d e d   by  t h e   d i s t a n c e   b e t w e e n   t h e   p o i n t s   9  a n d  

18  i s   i n   f a c t   p r o p o r t i o n a l   to  t h e   r e l a t i v e   q u a n t u m   c o n -  

t r i b u t i o n   of   t h e   m a t e r i a l   18  and  to  t h e   r e l a t i v e   l u m i n o u s  

f l u x   ( lmjW)   s u p p l i e d   by  the   m a t e r i a l   18  i f   i t   i s   p r o v i d e d  

i n   t h e   lamp  as  t h e   o n l y   l u m i n e s c e n t   m a t e r i a l   and  i s   f u r t h e r  

i n v e r s e l y   p r o p o r t i o n a l   to  t h e   y - c o - o r d i n a t e   of   t h e   c o l o u r  

p o i n t   of   t h e   m a t e r i a l   18.  An  a n a l o g o u s   r e l a t i o n   a p p l i e s  

to  t h e   d i s t a n c e   o f   t h e   c o l o u r   p o i n t   f r o m   t h e   p o i n t   1 8 .  



W i t h   t h e   u s e   of   g i v e n   m a t e r i a l s   9  a n d  1 8   ( f o r   w h i c h   t h e  

r e l a t i v e   l u m i n o u s   f l u x   and  t he   y - c o - o r d i n a t e   a r e   c o n s e -  

q u e n t l y   f i x e d ) ,   o n l y  t h e   r e l a t i v e   q u a n t u m   c o n t r i b u t i o n s  

t h e r e f o r e   d e t e r m i n e   t h e   c o l o u r   p o i n t   of   t h e   l a m p .   F o r  

t h e s e   m a t e r i a l s   9  and   18,  t h e   r e q u i r e d   r e l a t i v e   q u a n t u m  

c o n t r i b u t i o n s   a r e   t h e n   known  i f   a  g i v e n   c o l o u r   p o i n t   o f  

t h e   lamp  i s   d e s i r e d .   T h e s e   q u a n t u m   c o n t r i b u t i o n s   i n   t h e  

f i r s t   i n s t a n c e   a r e   a  m e a s u r e   of   t h e   q u a n t i t y   of   t h e   m a t e -  

r i a l s   9  and  18  to  b e  u s e d .   When  d e t e r m i n i n g   t h e s e   q u a n t i -  

t i e s ,   t he   q u a n t u m   e f f i c i e n c y   and  t h e   a b s o r p t i o n   o f   e x c i t i n g  

r a d i a t i o n   of   t h e   m a t e r i a l s   9  and  18  and   m o r e o v e r   f a c t o r s ,  

s u c h   a s ,   f o r   e x a m p l e ,   t h e   g r a i n   s i z e   o f   t h e   m a t e r i a l s   u s e d ,  

s h o u l d   be  t a k e n   i n t o   a c c o u n t .   I f   l u m i n e s c e n t   l a y e r s   a r e  

u s e d   w h i c h   do  n o t   f o r m   a  h o m o g e n e o u s   m i x t u r e   of   t he   m a t e -  

r i a l s   9  and  18,  e s p e c i a l l y   i f   t he   m a t e r i a l s   a r e   a p p l i e d   i n  

s e p a r a t e   j u x t a p o s e d   l a y e r s ,   g r e a t   d i f f e r e n c e s   may  of  c o u r s e  

o c c u r   i n   a b s o r p t i o n   of   e x c i t i n g   r a d i a t i o n   by  t h e   m a t e r i a l s  

9  and  18.  As  a  r e s u l t ,   w i t h   t h e   same  r e l a t i v e   q u a n t u m   c o n -  

t r i b u t i o n s ,   t h e   r e l a t i v e   q u a n t i t i e s   of   t h e   m a t e r i a l s   9  a n d  

18  may  g r e a t l y   d i f f e r   f rom  t h o s e   w i t h   t h e   u s e   of   h o m o g e n e -  

ous  m i x t u r e s .   I n   g e n e r a l ,   i t   w i l l   be  d e s i r a b l e   to  c h e c k  

f o r   a  few  t e s t   l a m p s   w h e t h e r   t h e   d e s i r e d   r e l a t i v e   q u a n t u m  

c o n t r i b u t i o n s   a r e   r e a c h e d   w i t h   t he   c h o i c e   o f   t h e   q u a n t i t i e s  
of   t he   l u m i n e s c e n t   m a t e r i a l s .  

F o r   i l l u s t r a t i o n ,   t h e   c o l o u r   p o i n t  u   of  a  l a m p  

h a v i n g   a  c o l o u r   t e m p e r a t u r e   of  6000  K  and   a  c o l o u r   p o i n t  

on  t he   c u r v e   P  i s   i n d i c a t e d   i n   F i g u r e   1.  T h i s   l amp  can   b e  

o b t a i n e d ,   f o r   e x a m p l e ,   by  t h e   u s e   of   a  l u m i n e s c e n t   l a y e r  

c o m p r i s i n g   t h e   b l u e - l u m i n e s c i n g   m a t e r i a l   18  and  t he   h a l o -  

p h o s p h a t e   9.  I f   t h e   l u m i n e s c e n t   l a y e r   h a s   a d d e d   to  i t   o n l y  

t h e   m a t e r i a l  c   ( C e -   and  M n - a c t i v a t e d   r a r e  e a r t h   m e t a l   m e t a -  

b o r a t e   h a v i n g   a  c o l o u r   p o i n t   x  =  0 . 5 4 6   and   y  =  0 . 3 0 1 ) ,   t h e  

r e l a t i v e   q u a n t u m   c o n t r i b u t i o n s   of  t h e   m a t e r i a l s   18  and  9 

a r e   f i x e d .   In   f a c t ,   t h e   l a t t e r   t h e n   h a v e   to  be  c h o s e n   s o  

t h a t   w i t h   t h e s e   m a t e r i a l s   t h e   c o l o u r   p o i n t   u '   i s   r e a c h e d ,  

u '   b e i n g   l o c a t e d   on  t h e   c o n n e c t i o n   l i n e   b e t w e e n  c   and  u .  

By  a  s u i t a b l e   c h o i c e   of   t he   r e l a t i v e   q u a n t u m   c o n t r i b u t i o n s  

of   t he   m a t e r i a l   c  and   of  t he   c o m b i n a t i o n   u ' ,   t h e   c o l o u r  



p o i n t  u   i s   r e a c h e d .   I f   t h e   l u m i n e s c e n t   l a y e r   has   a d d e d   t o  

i t   as  t he   f o u r t h   c o n s t i t u e n t   a  g r e e n - l u m i n e s c i n g   t e r b i u m -  

a c t i v a t e d   m a t e r i a l ,   f o r   e x a m p l e ,   t h e   Ce-   and  T b - a c t i v a t e d  

m e t a b o r a t e   d  h a v i n g   a  c o l o u r   p o i n t   x  =  0 . 3 2 4   and  y  =  0 . 5 3 5 ,  

i t   i s   f o u n d   t h a t   t h e   r a t i o   of  t h e   r e l a t i v e   q u a n t u m   c o n t r i -  

b u t i o n s   of   t h e   m a t e r i a l s  d   a n d  c   ( d  :   c)  i s   d e t e r m i n e d   b y  

t h e   c h o s e n   r a t i o   o f   t h e   r e l a t i v e   q u a n t u m   c o n t r i b u t i o n s   o f  

t h e   m a t e r i a l s   18  and   9  ( 1 8  :   9 ) .   As  t h e   r a t i o   ( 1 8  :   9 )  

i n c r e a s e s ,   t h e   r a t i o   ( d  :   c)  i n c r e a s e s   i n   s u c h   m a n n e r   t h a t  

t h e   c o l o u r   p o i n t   o b t a i n e d   w i t h   d  a n d  c   i s   l o c a t e d   on  t h e  

c o n n e c t i o n   l i n e   o f   t h e   c o l o u r   p o i n t   o b t a i n e d   w i t h   18  and  9 

and  t he   p o i n t   u.  The  l a r g e s t   r a t i o   ( d  :   c)  w i t h   w h i c h   i t  

i s   p o s s i b l e   to  r e a c h   t h e   c o l o u r   p o i n t  u   i s   i n d i c a t e d   i n  

F i g u r e   1  by  t h e   p o i n t   h.  In   t h i s   c a s e ,   h o w e v e r ,   t h e   l u m i n e s -  

c e n t   l a y e r   d o e s   n o t   c o n t a i n   h a l o p h o s p h a t e   9.  A l t h o u g h   f o r  

a l l   t he   r a t i o s   ( d  :   c)  w i t h   c o l o u r   p o i n t s   b e t w e e n   t h e   p o i n t s  

c  and  h  l o c a t e d   on  t h e   c o n n e c t i o n   l i n e   L  o f  c   and  d  t h e  

c o l o u r   p o i n t  u   c an   be  o b t a i n e d   by  c o m b i n a t i o n   w i t h   t h e  

m a t e r i a l s   18  and   9,  i n   g e n e r a l   n o t   e v e r y   c o m b i n a t i o n   w i l l  

l e a d   to  a  lamp  h a v i n g   R ( a , 8 )   and  R ( a , 9 4 )   v a l u e s   of   a t   l e a s t  

85.   E s p e c i a l l y   i n   t h o s e   c a s e s   i n   w h i c h   t h e   c o n t r i b u t i o n   o f  

t h e   h a l o p h o s p h a t e   9  i s   e q u a l   to  z e r o   or   i s   v e r y   s m a l l ,   t h e  

lamp  w i l l   n o t   s a t i s f y   t h e   r e q u i r e m e n t s   i m p o s e d .   The  r a n g e  
of   ( d  :   c)  r a t i o s   w i t h   w h i c h   l a m p s   a c c o r d i n g   to  t he   i n v e n t -  

i o n   a r e   o b t a i n e d   c a n   be  d e t e r m i n e d   w i t h   a  few  t e s t   l a m p s  

and   a p p e a r s   to  c o m p r i s e ,   f o r   e x a m p l e ,   t h e   r a t i o s   l y i n g  

b e t w e e n   t h e   p o i n t s  c   and  k.  The  p r e s e n c e   of   s u c h   a  r a n g e  
b e t w e e n  c   a n d  k   o f f e r s   t h e   a d v a n t a g e   t h a t   o p t i m i z a t i o n   o f  

t h e   lamp  i s   q u i t e   p o s s i b l e .  

M o r e o v e r ,   b y  w a y   of   f u r t h e r   e x a m p l e ,   F i g u r e   1 

i n d i c a t e s   t h e   c o l o u r   p o i n t  v   of   a  l amp  h a v i n g   a  c o l o u r   t e m -  

p e r a t u r e   of   4000   K  and   a  c o l o u r   p o i n t   l o c a t e d   on  t h e   c u r v e  

P.  T h i s   lamp  c a n   be  o b t a i n e d   w i t h   t h e   b l u e - l u m i n e s c i n g  

m a t e r i a l   17  and   t h e   h a l o p h o s p h a t e   7,  w h i c h   two  m a t e r i a l s  

t o g e t h e r   y i e l d   c o l o u r   p o i n t s   l o c a t e d   on  t h e   c o n n e c t i o n  

l i n e   N  of   17  and   7.  I f   as  a  f u r t h e r   l u m i n e s c e n t   m a t e r i a l  

o n l y   t h e   m a t e r i a l  c   i s   u s e d ,   t h e   c o l o u r   p o i n t  v   can   b e  

r e a c h e d   w i t h   t h e   l amp  i f   t he   r e l a t i v e   q u a n t u m   c o n t r i b u t i o n s  



of  7  a n d  1 7   a r e   c h o s e n   so  t h a t   w i t h   t h e   m a t e r i a l s   7  and  17 

t he   p o i n t   v '  l o c a t e d   on  t he   c o n n e c t i o n   l i n e   b e t w e e n  v   a n d  

c  i s   a t t a i n e d .   At  t h i s   c o m p a r a t i v e l y   low  c o l o u r   t e m p e r a -  

t u r e   of  4000   K,  h o w e v e r ,   a  T b - a c t i v a t e d   g r e e n - l u m i n e s c i n g  

m a t e r i a l ,   s u c h   a s  d ,   a p p e a r s   to  be  n e c e s s a r y   to  o b t a i n   t h e  

d e s i r e d   h i g h   R ( a , 8 )   and  R ( a , 9 4 )   v a l u e s .   The  l a r g e s t   r e l a -  

t i v e   q u a n t u m   c o n t r i b u t i o n   of   t h e   m a t e r i a l   d  w i t h   w h i c h   i t  

i s   p o s s i b l e   to  r e a c h   t h e   c o l o u r   p o i n t   v,  i s   t h a t   c o n t r i -  

b u t i o n   w h i c h   in   c o m b i n a t i o n   w i t h   o n l y   t h e   m a t e r i a l  c   l e a d s  

to  t h e   c o l o u r   p o i n t  e   on  t h e   l i n e   L.  In   t h i s   c a s e ,   h o w e v e r ,  

t h e   lamp  d o e s   n o t   c o n t a i n   h a l o p h o s p h a t e   7,  and  i t   a l s o  

a p p e a r s   t h a t   t h e   c o l o u r   r e n d i t i o n   r e q u i r e m e n t s  a r e   n o t  

s a t i s f i e d .   The  r a n g e   of   ( d  :   c)  r a t i o s   w i t h i n   w h i c h   t h i s  

i s   t h e   c a s e   and  i n   w h i c h   o p t i m i z a t i o n   of   t h e   lamp  i s   p o s -  
s i b l e ,   can   be  d e t e r m i n e d   and   p r o v e s   to  c o m p r i s e ,   f o r  

e x a m p l e ,   t h e   r a t i o s   l y i n g   b e t w e e n   t h e   p o i n t s  f   and  g .  
A  v e r y   a d v a n t a g e o u s   e m b o d i m e n t   of  a  l amp  a c c o r d -  

i n g   to  t h e   i n v e n t i o n   i s   c h a r a c t e r i z e d   i n   t h a t   t h e   m a t e r i a l  

b  i s   a  l u m i n e s c e n t   a l u m i n a t e   w h i c h   i s   a c t i v a t e d   by  b i v a l e n t  

e u r o p i u m   and   c o r r e s p o n d s   to  t h e   f o r m u l a   S r 1 - p E u p A l q O 1 / 2  

q  +   1,  i n   w h i c h   up  to  25  mol .   %  of  t he   s t r o n t i u m   can   b e  

r e p l a c e d   by  c a l c i u m   and  i n   w h i c h   0 . 0 0 1  ≤   p  ≤   0 . 1 0   a n d  

2  ≤   q  ≤  3 ,   w h i c h   a l u m i n a t e   h a s   i t s   e m i s s i o n   maximum  a t  

4 8 5  -   495  nm  and  h a s   a  h a l f - w i d t h   v a l u e   of   5 5  -   75  n m .  

The  c o l o u r   p o i n t   of   t h e   r a d i a t i o n   e m i t t e d   by  s u c h   an  a l u -  

m i n a t e   i s   i n d i c a t e d   i n   F i g u r e   1  by  the   p o i n t   17  and  h a s  

t he   c o - o r d i n a t e s   x  =  0 . 1 5 2   and  y  =   0 . 3 6 0 .   The  s a i d   l u m i n e s -  

c e n t   s t r o n t i u m   a l u m i n a t e s   a r e   d e s c r i b e d   more   f u l l y   i n   D u t c h  

P a t e n t   A p p l i c a t i o n   8 2 0 1 9 4 3   ( P H N . 1 0 . 3 4 7 ) .   They   c o m p l e t e l y  

s a t i s f y   t h e   c o n d i t i o n   i m p o s e d   of   an  e m i s s i o n   h a v i n g   a  c o m -  

p a r a t i v e l y   n a r r o w   b a n d   w i t h   a  maximum  in   t he   r a n g e   o f   f r o m  

470  to  500  nm.  F u r t h e r m o r e ,   t h e s e   m a t e r i a l s   a r e   v e r y   e f -  

f i c i e n t l y   l u m i n e s c i n g   m a t e r i a l s   w h i c h   can   b e  s u b j e c t e d  

even   f o r   a  l o n g   t i m e   to  h i g h   l o a d s   in   l amps   and  t h e n   e x -  

h i b i t   o n l y   a  v e r y   s m a l l   d e c r e a s e   i n   l u m i n o u s   f l u x .  

E s p e c i a l l y   s u c h   a  l amp  c o n t a i n i n g   s t r o n t i u m   a l u -  

m i n a t e   i s   p r e f e r r e d ,   w h i c h   h a s   a  c o l o u r   p o i n t   of   t h e   e m i t -  

t e d   r a d i a t i o n   ( x L , y L )   and  a  c o l o u r   t e m p e r a t u r e   T,  T  b e i n g  



c h o s e n   in   t h e   r a n g e   3200   K  ≤  T  ≤   7500  K,  w h i c h   l a m p ' i s  

c h a r a c t e r i z e d   i n   t h a t   t h e   h a l o p h o s p h a t e  a   i s   a  c a l c i u m  

h a l o p h o s p h a t e   a c t i v a t e d   by  Sb  or   by  Sb  and  Mn  and  h a v i n g  

a  c o l o u r   p o i n t   of   t h e   e m i t t e d   r a d i a t i o n   ( x H , y H ) ,   w h e r e  

x H  l i e s   i n   t h e   r a n g e   0 . 2 1 0  ≤   xH ≤   0 . 4 4 0   and   t h e   c o m b i n a t i o n  

( T , x H )   l i e s  i n   t h e   r e g i o n   o f   t h e   g r a p h   of   F i g u r e   2  i n d i -  

c a t e d   by  ABCDEFG.  In   t h e   g r a p h   of   F i g u r e   2,  t h e   c o - o r d i -  

n a t e   of   t h e   c a l c i u m   h a l o p h o s p h a t e   to  be  u s e d   (xH)  i s   p l o t -  

t e d   on  t he   a b s c i s s a .   The  c o l o u r   t e m p e r a t u r e   T  ( i n   K)  o f  

t h e   lamp  a c c o r d i n g   to  t h e   i n v e n t i o n   i s   p l o t t e d   on  t h e   r i g h t -  

h a n d   p a r t   of   t h e   o r d i n a t e .   The  x - c o - o i d i n a t e   of   t h e   l a m p  

(xL)   i s   p l o t t e d   on  t h e   l e f t h a n d   p a r t   o f   t h e   o r d i n a t e ,   w h e r e -  

by  i t   s h o u l d   be  n o t e d   t h a t   t h e   g i v e n   xL  v a l u e s   o n l y   c o r -  

r e s p o n d   to  t h e   T  v a l u e s   i n d i c a t e d   b e s i d e   them  a t   c o l o u r  

p o i n t s   ( x L , y L )   on  t h e   c u r v e   P.  I t   now  a p p e a r s   f r o m   F i g u r e  

2,  w h i c h   h a l o p h o s p h a t e s   a r e   p r e f e r a b l y   u s e d   i n   a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n   i f   a  lamp  c o n t a i n i n g   t h e   a f o r e m e n t i o n e d  

b l u e - l u m i n e s c i n g   s t r o n t i u m   a l u m i n a t e   and   h a v i n g   a  d e . s i r e d  

c o l o u r   t e m p e r a t u r e   T  s h o u l d   be  m a n u f a c t u r e d .   E x a m i n a t i o n s  

h a v e   shown  t h a t   w i t h   a l l   t h e   ( T , x H )   c o m b i n a t i o n s   l y i n g  

w i t h i n   t he   r e g i o n   e n c l o s e d   by  t h e   l i n e   ABCDEFG  and  t h e  

xH  a x i s ,   l a m p s   c a n   be  o b t a i n e d   h a v i n g   R ( a , 8 )   and  R ( a , 9 4 )  

v a l u e s   of   a t   l e a s t   85.  The  r e g i o n   ABCDEFG  a l s o   c o m p r i s e s  

t h e   p o s s i b l e   c o m b i n a t i o n s   ( T , x H )   f o r   l a m p s   h a v i n g   a  c o l o u r  

p o i n t   l o c a t e d   n e a r   t h e   c u r v e   P.  I f   o n l y   c o l o u r   p o i n t s  

( x L , y L )   on  or  s u b s t a n t i a l l y   on  t h e   c u r v e   P  i t s e l f   a r e  

c o n s i d e r e d ,   e s p e c i a l l y   t h e   r e g i o n   n o t   s h a d e d   i n   g r e y  
b e t w e e n   t h e   l i n e s   i n d i c a t e d   by  1  and   2  a p p l i e s .   The  g r e y  

r e g i o n   b e t w e e n   t h e   l i n e s   1  and   KDE  a l s o   a p p l i e s   e s p e c i -  

a l l y   to  l a m p s   a c c o r d i n g   to  t h e   i n v e n t i o n   w h i c h   h a v e   a  

c o l o u r   p o i n t   l o c a t e d   b e l o w   t h e   c u r v e   P  (down  to  -20   MPCD) .  

F o r   l a m p s   h a v i n g   a  c o l o u r   p o i n t   l o c a t e d   a b o v e   t he   c u r v e   P 

(up  to  +20  MPCD),  p o s s i b l e   c o m b i n a t i o n s   ( T , x H )   a r e   a l s o  

f o u n d   i n   t h e   r e g i o n   s h a d e d   i n   g r e y   b e t w e e n   t h e   l i n e s   ABH 

and  1  and  a l s o   i n   t h e   g r e y   r e g i o n   b e t w e e n   t h e   l i n e s   GF  a n d  

2 .  

I t   h a s   b e e n   f o u n d   t h a t   o p t i m u m   r e s u l t s   a r e   o b -  

t a i n e d   w i t h   l a m p s   a c c o r d i n g   to  t he   i n v e n t i o n   w h i c h   c o n t a i n  



t h e   s t r o n t i u m   a l u m i n a t e   d e s c r i b e d   a b o v e   and  w h i c h   h a v e   a  

c o l o u r   t e m p e r a t u r e   o f   a t   l e a s t   3700  K  and   a  c o l o u r   p o i n t  

on  or  s u b s t a n t i a l l y   on  t h e   c u r v e   P,  i f   t h e   c o m b i n a t i o n  

( T , x H )   l i e s   in   t h e   r e g i o n   b e t w e e n   t h e   l i n e s   3  and  4  o f  

t h e   g r a p h   of   F i g u r e   2.  In   t h i s   r e g i o n   ( t h e   l i n e  4   p a r t l y  

c o i n c i d e s   w i t h   t h e   l i n e   2)  l a m p s   c an   g e n e r a l l y   be  o b t a i n -  

ed  w h i c h   h a v e  R ( a , 8 )   and   R ( a , 9 4 )   v a l u e s   o f   a t   l e a s t   9 0 .  

I f   w i t h   r e f e r e n c e   to  F i g u r e   2,  a  lamp  a c c o r d i n g  

to  t he   i n v e n t i o n   h a v i n g   a  g i v e n   c o l o u r   t e m p e r a t u r e   T  

s h o u l d   be  m a n u f a c t u r e d ,   i t   can   be  r e a d   f r o m   t h i s   F i g u r e ,  

w h i c h   c a l c i u m   h a l o p h o s p h a t e s   i n   c o m b i n a t i o n   w i t h   t he   b l u e -  

l u m i n e s c i n g   s t r o n t i u m   a l u m i n a t e   a r e   p r e f e r r e d .   As  a p p e a r s  
f r o m   t he   e x p l a n a t i o n   w i t h   r e s p e c t   to  F i g u r e   1  of   t he   u s e  

of   a  g i v e n   h a l o p h o s p h a t e ,   t h e   c o n t r i b u t i o n s  o f   t he   l u m i -  

n e s c e n t   m a t e r i a l s  c   a n d  d   to  be  u s e d   c a n n o t   be  c h o s e n   q u i t e  

f r e e l y .   By  way  o f   e x a m p l e ,   F i g u r e   3  i n d i c a t e s   f o r   a  n u m b e r  

of   p r a c t i c a l   c a l c i u m   h a l o p h o s p h a t e s ,   w h i c h   r e l a t i v e   c o n t r i -  

b u t i o n s   of  t he   m a t e r i a l s  c   and  d  a r e   p o s s i b l e   f o r   l a m p s  

c o n t a i n i n g   s t r o n t i u m   a l u m i n a t e   and  h a v i n g   a  c o l o u r   p o i n t  

on  t h e   c u r v e   P.  In   t h e   g r a p h   of   F i g u r e   3,  t h e   x - c o - o r d i n a t e  

x ( c , d )   of  t h e   c o l o u r   p o i n t s   t h a t   can   be  a t t a i n e d   w i t h   t h e  

m a t e r i a l s   c  and  d  o n l y   i s   p l o t t e d   on  t h e   a b s c i s s a .   As  i n  

F i g u r e   2,  t h e   c o l o u r   t e m p e r a t u r e   T  ( i n   K)  i s   p l o t t e d   o n  

t h e   r i g h t h a n d   p a r t   and   t h e  x - c o - o r d i n a t e   xL  of   t he   l a m p  

a c c o r d i n g   to  t h e   i n v e n t i o n   on  t h e   l e f t h a n d   p a r t   of  t h e  

o r d i n a t e .   The  l o o p s   d e n o t e d   by  t h e   n u m e r a l s   7,  9,  02,  0 4 ,  

05,  06  and  0 8  l i m i t   t h e   r e g i o n s   w i t h i n   w h i c h   l a m p s   a c c o r d -  

i n g   to  t he   i n v e n t i o n   h a v i n g   R ( a , 8 )   and  R ( a , 9 4 )   v a l u e s   o f  

a t   l e a s t   85  a r e   o b t a i n e d   w i t h   t h e   r e s p e c t i v e   c a l c i u m   h a l o -  

p h o s p h a t e s   7,  9,  02  . . . .   08  f r o m  T a b l e   1.  The  h a l o p h o s p h a -  
t e s   a r e   s t a t e d   h e r e   i n   t h e   o r d e r   of   s u c c e s s i o n   of  d e c r e a s -  

i n g   x   v a l u e .   The  l o o p s   p a r t l y   o v e r l a p   e a c h   o t h e r ,   t h e  

l o o p   of  t he   h a l o p h o s p h a t e   of   t he   h i g h e s t  x H  v a l u e   b e i n g  
f o u n d   in   t he   l e f t h a n d   u p p e r   p a r t   of   t h e   g r a p h .   As  the   xH 
v a l u e   i s   s m a l l e r ,   t h e   r e l e v a n t   l o o p   i s   f o u n d   f u r t h e r   d i s -  

p l a c e d   to  t h e   r i g h t h a n d   l o w e r   p a r t   of   t h e   g r a p h .   For   h a l o -  

p h o s p h a t e s   h a v i n g   an  xH  v a l u e   l y i n g   b e t w e e n   t h o s e   of   t h e  

h a l o p h o s p h a t e s   m e n t i o n e d   h e r e i n ,   i n t e r m e d i a t e   l o o p s   a r e  



f o u n d .  

By  way  of   e x a m p l e ,   f o r   t he   lamp  d e s i g n a t e d   i n  

F i g u r e   1  by  v,  h a v i n g   a  c o l o u r   t e m p e r a t u r e   T  =  4000   K  a n d  

p r o v i d e d   w i t h   t h e   h a l o p h o s p h a t e   7  and  a  b l u e - l u m i n e s c i n g  

s t r o n t i u m   a l u m i n a t e ,   t h e   r a n g e   of   x ( c , d )   i s   i n d i c a t e d   b y  

t h e   p o i n t s  f   a n d  g   w h i c h   c o r r e s p o n d   t o  f   a n d  g   i n   F i g u r e  

1.  I t   a l s o   a p p e a r s   f r o m   F i g u r e   3  t h a t   f o r   a  l amp  h a v i n g   a  

g i v e n   c o l o u r   t e m p e r a t u r e   T,  t h e r e   can  g e n e r a l l y   be  made  a  

c h o i c e   f r o m   s e v e r a l   p o s s i b l e   c a l c i u m   h a l o p h o s p h a t e s .   I t   i s  

t h e n   m o s t l y   a d v a n t a g e o u s   c h o o s e   t h a t   h a l o p h o s p h a t e   w h o s e  

l o o p   i n   F i g u r e   3  h a s   t h e   l a r g e s t   c r o s s - s e c t i o n   w i t h   t h e  

l i n e   t h r o u g h   t h e   c h o s e n   p o i n t   T  on  t h e   o r d i n a t e   and  p a r a l -  

l e l   to  t h e   x ( c , d )   a x i s .   I n   f a c t ,   t h e   m a n u f a c t u r e   of   t h e  

l amp   i s   t h e n   l e s s   c r i t i c a l  b e c a u s e   s l i g h t   d e v i a t i o n s   i n  

t h e   e n v i s a g e d   r e l a t i v e   q u a n t u m   c o n t r i b u t i o n s   of   t h e   l u m i n e s -  

c e n t   m a t e r i a l s   a r e   n o t   s e r i o u s l y   d i s t u r b i n g .   T h u s ,   i t  

a p p e a r s   f r o m   F i g u r e   3  t h a t   f o r   t h e   4000  K  l amp   t h e   h a l o -   . 
p h o s p h a t e   7  i s   a  f a v o u r a b l e   c h o i c e .   The  c h o i c e   f o r   t h i s  

l amp  o f   t h e   h a l o p h o s p h a t e   9  i s   l e s s   f a v o u r a b l e   ( t h e   l i n e  

f - e   o n l y   h a s   a  s m a l l   c r o s s - s e c t i o n   w i t h   t h e   l o o p   9 ) .   T h e  

h a l o p h o s p h a t e s   02  and   c e r t a i n l y   04  a r e   a g a i n   more   a d v a n t -  

a g e o u s   i n   t h i s   r e s p e c t .  

A n o t h e r   v e r y   a d v a n t a g e o u s   e m b o d i m e n t   of   a  l a m p  

a c c o r d i n g   to  t h e   i n v e n t i o n   i s   c h a r a c t e r i z e d   i n   t h a t   t h e  

m a t e r i a l   b  i s   a  l u m i n e s c e n t   a l u m i n a t e   w h i c h   i s   a c t i v a t e d  

by  b i v a l e n t   e u r o p i u m   and   c o r r e s p o n d s   to  t h e   f o r m u l a  

B a 1 - p E u p A l q O 1 / 2   +  1,  i n   w h i c h   up  to  25  m o l . %   of   t h e   b a r i u m  

can   be  r e p l a c e d   by  s t r o n t i u m   and  i n   w h i c h   0 . 0 0 5   ≤   p  ≤   0 . 2 5  

a n d   5  ≤  q  ≤   10,  w h i c h   a l u m i n a t e   has   i t s   e m i s s i o n   m a x i m u m  

a t   4 7 5 - 4 8 5   nm  and   h a s   a  h a l f - w i d t h   v a l u e   o f   7 0 - 9 0   nm.  

The  c o l o u r   p o i n t   o f   t h e   r a d i a t i o n   e m i t t e d   by  s u c h   a  b a r i u m  

a l u m i n a t e   i s   i n d i c a t e d   i n   F i g u r e   1  by  t h e   p o i n t   20  and  h a s  

t h e   c o - o r d i n a t e s   x  =  0 . 1 6 1   and  y  =  0 . 2 4 2 .   T h e s e   l u m i n e s c e n t  

b a r i u m   a l u m i n a t e s   a r e   d e s c r i b e d   more  f u l l y   i n   D u t c h   P a t e n t  

A p p l i c a t i o n   8 1 0 5 7 3 9   ( P H N . 1 0 2 2 0 ) .   T h e s e   a l u m i n a t e s   a l s o  

c o m p l e t e l y   s a t i s f y   t h e   c o n d i t i o n   of   an  e m i s s i o n   h a v i n g   a  

c o m p a r a t i v e l y   n a r r o w   b a n d   e m i s s i o n   w i t h   a  maximum  in   t h e  

r a n g e   o f   f r o m   470  to  500  nm.  T h e s e   m a t e r i a l s   a r e   v e r y  



e f f i c i e n t l y   l u m i n e s c i n g   m a t e r i a l s   w h i c h   h a v e   a  h i g h   m a i n -  

t e n a n c e   o f   t h e   l u m i n o u s   f l u x   d u r i n g   t h e   l i f e   of   t he   l a m p  

and   w h i c h   can   be  s u b j e c t e d   to  h i g h   l o a d s   in   l a m p s .  

E s p e c i a l l y   s u c h   a  l amp  c o n t a i n i n g   b a r i u m   a l u -  

m i n a t e   i s   p r e f e r r e d ,   w h i c h   h a s   a  c o l o u r   p o i n t   of   t he   e m i t -  

t e d   r a d i a t i o n   ( x L , y L )   and  a  c o l o u r   t e m p e r a t u r e   T,  T  b e i n g  

c h o s e n   to  l i e   i n   t h e   r a n g e   3200  K  `   T  ≤  7 5 0 0   K,  w h i c h   l a m p  

i s   c h a r a c t e r i z e d   i n   t h a t   t h e   h a l o p h o s p h a t e  a   i s   a  c a l c i u m  

h a l o p h o s p h a t e   a c t i v a t e d   by  Sb  or   by  Sb  and  Mn  and  h a v i n g  

a  c o l o u r   p o i n t   of   t h e   e m i t t e d   r a d i a t i o n   ( x H , y H ) ,  x H   l y i n g  

i n   t h e   r a n g e   0 . 2 1 0  ≤  x H  ≤  0 . 4 4 0   and   t h e   c o m b i n a t i o n   ( T , x H )  

l y i n g   in   t h e   r e g i o n   of   t he   g r a p h   o f   F i g u r e   4  d e s i g n a t e d   b y  

ABCDEF.  F i g u r e   4  i s   a n a l o g o u s   to  F i g u r e   2  and   shows   in   a  

g r a p h   t h e   x - c o - o r d i n a t e s   of   t h e   c a l c i u m   h a l o p h o s p h a t e s  

p r e f e r a b l y   to  b e  u s e d   i f   l a m p s   c o n t a i n i n g   t h e   a f o r e m e n t i o n -  

ed  l u m i n e s c e n t   b a r i u m   a l u m i n a t e   a r e   m a n u f a c t u r e d .   I t   h a s  

a g a i n   b e e n   f o u n d   t h a t   w i t h   a l l   t h e   ( T , x H )   c o m b i n a t i o n s  

l y i n g   w i t h i n   t h e   r e g i o n   e n c l o s e d   by  t h e   l i n e   A B C D E F . a n d  

t h e   x   a x i s ,   l a m p s   h a v i n g   R ( a , 8 )   and   R ( a , 9 4 )   v a l u e s   of   a t  

l e a s t   85  can   be  o b t a i n e d .   I f   o n l y   l a m p s   h a v i n g   a  c o l o u r  

p o i n t   ( x L , y L )   on  or   s u b s t a n t i a l l y   on  t h e   c u r v e   P  a r e   c o n -  

s i d e r e d ,   more   p a r t i c u l a r l y   t h e   r e g i o n   n o t   s h a d e d   in   g r e y  
b e l o w   t h e   l i n e   d e n o t e d   by  1  a p p l i e s .   The  g r e y   r e g i o n   b e -  

t w e e n   t h e   l i n e s   1  and   ABC  a l s o   a p p l i e s   to  l a m p s   a c c o r d i n g  

to  t h e   i n v e n t i o n   h a v i n g   a  c o l o u r   p o i n t   a b o v e   t he   c u r v e   P  

(up  to  +20  MPCD)  and   t h e   g r e y   r e g i o n   b e t w e e n   t he   l i n e s   1 

and   DE  a l s o   a p p l i e s   to  l a m p s   h a v i n g   a  c o l o u r   p o i n t   b e l o w  

t h e   c u r v e   P  (down  to  -20   M P C D ) .  

The  o p t i m u m   r e s u l t s   a r e   o b t a i n e d   w i t h   l a m p s   a c -  

c o r d i n g   to  t h e   i n v e n t i o n   w h i c h   c o n t a i n   t h e   l u m i n e s c e n t  

b a r i u m   a l u m i n a t e   d e s c r i b e d   a b o v e   and  w h i c h   h a v e   a  c o l o u r  

t e m p e r a t u r e   of   a t   l e a s t   4800  K  and  a  c o l o u r   p o i n t   on  o r  

s u b s t a n t i a l l y   on  t h e   c u r v e   P  i f   t h e   c o m b i n a t i o n   ( T , x H )  

l i e s   in   t h e   r e g i o n   b e t w e e n   t h e   l i n e s   2  and  3  o f   t he   g r a p h  

of   F i g u r e   4.  In   f a c t ,   i n   t h i s   r e g i o n   l a m p s   can  be  o b t a i n e d  

h a v i n g   R ( a , 8 )   and   R ( a , 9 4 )   v a l u e s   of   a t   l e a s t   90.  In  F i g u r e  

5  t h e r e  i s   i n d i c a t e d   in   t h e   same  m a n n e r   as  i n   F i g u r e  3   f o r  

a  few  p r a c t i c a l   c a l c i u m   h a l o p h o s p h a t e s ,   w h i c h   r e l a t i v e  



c o n t r i b u t i o n s   of   t h e   m a t e r i a l s  c   a n d  d   a r e   p o s s i b l e  f o r  

l a m p s   c o n t a i n i n g   b a r i u m   a l u m i n a t e   and   h a v i n g   a  c o l o u r  

p o i n t   on  t h e   c u r v e   P.  The  l o o p s   d e s i g n a t e d   by  7,  9  and  0 3  

a p p l y   to  t h e   h a l o p h o s p h a t e s   7,  9  and  03,   r e s p e c t i v e l y ,  

f rom  T a b l e   1.  The  l o o p   7  ( b r o k e n   l i n e )   o v e r l a p s   f o r   a  l a r g e  

p a r t   t h e   l o o p   9  ( f u l l   l i n e ) .   Fo r   t h e   h a l o p h o s p h a t e s   w i t h  

xH  s m a l l e r   t h a n   a b o u t   0 . 3 7 0   ( h a l o p h o s p h a t e   9  h a s   xH  = 

0 . 3 6 8 ) ,   t h e   l o o p s   p r o v e   to  c o i n c i d e   s u b s t a n t i a l l y ,   e x c e p t  

f o r   t h e   r a n g e   of   l a m p s   h a v i n g   a a v e r y   h i g h   T  ( T >   7000   K)  

so  t h a t   t h e   c h o i c e   of   t h e   h a l o p h o s p h a t e   to  be  u s e d   i s   t h e n  

n o t   v e r y   c r i t i c a l .   The  r e g i o n   a p p l y i n g   to  t h e   h a l o p h o s -  

p h a t e   03  c o m p r i s e s   b e s i d e s   t h e   r e g i o n   i n d i c a t e d   by  t h e  

d o t t e d   l i n e   03  s u b s t a n t i a l l y   t h e   w h o l e   r e g i o n   a p p l y i n g  

to  h a l o p h o s p h a t e   9 .  

A  f u r t h e r   a d v a n t a g e o u s   e m b o d i m e n t   o f   a  l amp  a c -  

c o r d i n g   to  t h e   i n v e n t i o n   i s   c h a r a c t e r i z e d   i n   t h a t   t h e  

m a t e r i a l   b  i s   a  l u m i n e s c e n t   b o r a t e   p h o s p h a t e   a c t i v a t e d   b y  

b i v a l e n t   e u r o p i u m   and  c o r r e s p o n d i n g   to  t h e   f o r m u l a  -  

i n   w h i c h  

0  ≤  x  ≤  0 . 5  

0  ≤   y  ≤   0 .  2  

0 . 0 0 1  ≤   p  ≤  0 . 1 5  

1 . 7 5  ≤   m  ≤  2 . 3 0  

0 . 0 5  ≤   n  ≤   0 . 2 3 ,  

w h i c h   b o r a t e   p h o s p h a t e   h a s   i t s   e m i s s i o n   maximum  a t   4 7 0 - 4 8 5  

nm  and  h a s   a  h a l f - w i d t h   v a l u e   of   8 0  -   90  nm.  The  c o l o u r  

p o i n t   of   t h e   r a d i a t i o n   e m i t t e d   by  s u c h   a  b o r a t e   p h o s p h a t e  

i s   i n d i c a t e d   i n   F i g u r e   1  by  t h e   p o i n t   18  and  h a s   t h e   c o -  

o r d i n a t e s   x  =  0 . 1 9 1   and  y  =  0 . 3 0 8 .   T h e s e   l u m i n e s c e n t   b o r a t e  

p h o s p h a t e s   a r e   known   f r o m   t h e   a f o r e m e n t i o n e d   G e r m a n   P a t e n t  

A p p l i c a t i o n   2 8 4 8 7 2 6 .   They   h a v e   a  t e t r a g o n a l   c r y s t a l   s t r u c t -  

u r e   and  a r e   f o u n d   to  be  e f f i c i e n t l y   l u m i n e s c i n g   m a t e r i a l s  

h a v i n g   an  e m i s s i o n   w h i c h   i s   v e r y   s u i t a b l e   f o r   l a m p s   a c c o r d -  

i n g   to  t h e   i n v e n t i o n .  

E s p e c i a l l y   s u c h   a  lamp  c o n t a i n i n g   b o r a t e   p h o s p h a t e  

i s   p r e f e r r e d ,   w h i c h   h a s   a  c o l o u r   p o i n t   of   t h e   e m i t t e d   r a d i -  

a t i o n   ( x L , y L )   and   a  c o l o u r   t e m p e r a t u r e   T,  T  b e i n g   c h o s e n   t o  

l i e   i n   t h e   r a n g e   3200  K ≤  T  ≤   7500  K,  w h i c h   lamp  i s   c h a -  



r a c t e r i z e d   in   t h a t   t h e   h a l o p h o s p h a t e   a  i s   a  c a l c i u m   h a l o -  

p h o s p h a t e   a c t i v a t e d   by  Sb  or   by  Sb  and  Mn  and  h a v i n g   a  

c o l o u r   p o i n t   of   t h e   e m i t t e d   r a d i a t i o n   ( x H , y H ) ,  x H   l y i n g  

i n   t he   r a n g e   0 . 2 1 0  <   x H  ≤   0 . 4 4 0   and  t h e   c o m b i n a t i o n   ( T , x H )  

l y i n g   i n   t h e   r e g i o n   of   t he   g r a p h   of   F i g u r e · 6   d e s i g n a t e d  

by  ABCDEF.  F i g u r e   6  i s   a g a i n   a n a l o g o u s   to  F i g u r e  ?   a n d  

i n d i c a t e s   t h e   x  c o - o r d i n a t e s   of   t h e  c a l c i u m   h a l o p h o s p h a t e s  

to  be  p r e f e r a b l y   u s e d   f o r   l a m p s   c o n t a i n i n g   t h e   a f o r e m e n -  

t i o n e d   l u m i n e s c e n t   b o r a t e   p h o s p h a t e .   W i t h   c o m b i n a t i o n s  

( T , x H )   l y i n g   w i t h i n   t h e   r e g i o n   e n c l o s e d   by  t h e   l i n e   ABCDEF 

and   t he   xH  a x i s ,   l a m p s   can   be  o b t a i n e d   h a v i n g   R ( a , 8 )   a n d  

R ( a , 9 4 )   v a l u e s   of   a t   l e a s t   85.  E s p e c i a l l y   t h e   r e g i o n   n o t  

s h a d e d   in   g r e y   b e t w e e n   t h e   l i n e s   d e n o t e d   by  1  a n d  ?   a p p l i e s  

to  l a m p s   h a v i n g   a  c o l o u r   p o i n t   ( x L , y L )   on  or   s u b s t a n t i a l l y  

on  t h e   c u r v e   P.  The  g r e y   r e g i o n   b e t w e e n   t h e   l i n e s   1  a n d  

BGH  and  a t   t he   same  t i m e   t h e   g r e y   r e g i o n   b e l o w   t h e   l i n e   2 

a p p l y   a l s o   to  l a m p s   a c c o r d i n g   to  t h e   i n v e n t i o n   h a v i n g   a  

c o l o u r   p o i n t   l o c a t e d   a b o v e   t he   c u r v e   P  (up  to  +20  MRCD).  

The  g r e y   r e g i o n   b e t w e e n   t he   l i n e s   1  and  KDE  a l s o   a p p l i e s  

to  l a m p s   h a v i n g   a  c o l o u r   p o i n t  l o c a t e d   b e l o w   the   c u r v e   P 

(down  to  -20   M P C D ) .  

The  o p t i m u m   r e s u l t s   a r e   o b t a i n e d   w i t h   l a m p s   a c -  

c o r d i n g   to  t h e   i n v e n t i o n   w h i c h   c o n t a i n   t h e   a f o r e m e n t i o n e d  

l u m i n e s c e n t   b o r a t e   p h o s p h a t e   and  h a v e   a  c o l o u r   t e m p e r a t u r e  

of   a t   l e a s t   4300   K  and   a  c o l o u r   p o i n t   on  or   s u b s t a n t i a l l y  

on  t h e   c u r v e   P  i f   t h e   c o m b i n a t i o n   ( T , x H )   l i e s   i n   t he   r e g i o n  

b e t w e e n   the   l i n e s   3  and   4  of   t he   g r a p h   of   F i g u r e   6.  I n  

t h i s   c a s e ,   l a m p s   c an   be  o b t a i n e d   h a v i n g   R ( a , 8 )   and  R ( a , 9 4 )  

v a l u e s   of  a t   l e a s t   90.   In   F i g u r e   7  t h e r e   i s   i n d i c a t e d   i n  

t h e   same  m a n n e r   as  i n   F i g u r e   3  f o r   a  n u m b e r   of  p r a c t i c a l  

h a l o p h o s p h a t e s ,   i . e .   t h e   m a t e r i a l s   7,  02,  15,  06  and  0 8  

f r o m   T a b l e   1,  w h i c h   r e l a t i v e   c o n t r i b u t i o n s   of   t he   m a t e r i a l s  

c  and  d  a r e   p o s s i b l e   f o r   l a m p s   c o n t a i n i n g   b o r a t e   p h o s p h a t e  

and   h a v i n g   a  c o l o u r   p o i n t  o n   t he   c u r v e   P .  

E m b o d i m e n t s   of   l a m p s   a c c o r d i n g   to  t h e   i n v e n t i o n  

w i l l   now  be  d e s c r i b e d   more   f u l l y   w i t h   r e f e r e n c e   to  F i g u r e  

8,  w h i c h   shows  d i a g r a m m a t i c a l l y   and  i n   c r o s s - s e c t i o n   a  l o w -  

p r e s s u r e   m e r c u r y   v a p o u r   d i s c h a r g e   l a m p ,   and  w i t h   r e f e r e n c e  



to  p r a c t i c a l   c o m p o s i t i o n s   of   l u m i n e s c e n t   l a y e r s   a n d ' m e a u r e -  

m e n t s   on  l a m p s   p r o v i d e d   w i t h   t h e s e   l a y e r s .  

I n   F i g u r e   8,  r e f e r e n c e   n u m e r a l   1  d e s i g n a t e s   t h e  

g l a s s   w a l l   of  a  l o w - p r e s s u r e   m e r c u r y   v a p o u r   d i s c h a r g e   l a m p  

a c c o r d i n g   to  t h e   i n v e n t i o n .   At  t he   e n d s   of   t h e   lamp  t h e r e  

a r e   p r o v i d e d   e l e c t r o d e s   2  and  3  b e t w e e n   w h i c h   t h e   d i s c h a r g e  

t a k e s   p l a c e   d u r i n g  o p e r a t i o n   o f   t h e   l a m p .   The  lamp  i s   p r o -  
v i d e d   w i t h   r a r e   g a s ,   w h i c h   s e r v e s   as  i g n i t i o n   g a s ,   a n d  

f u r t h e r   w i t h   a  s m a l l   q u a n t i t y   of   m e r c u r y .   The  lamp  h a s   a  

l e n g t h   of   120  cm  and   an  i n n e r   d i a m e t e r   o f   24  mm  and  i s  

i n t e n d e d   to  c o n s u m e  d u r i n g   o p e r a t i o n   a  p o w e r   o f   36  W.  T h e  

w a l l   1  i s   c o a t e d   on  t h e   i n n e r   s i d e   w i t h   a  l u m i n e s c e n t   l a y e r  

4  w h i c h   c o m p r i s e s   t h e   l u m i n e s c e n t   m a t e r i a l s   a,  b ,  c   a n d ,  

as  t h e   c a s e   may  be ,   d.  The  l a y e r  4   may  be  a p p l i e d   to  t h e  

w a l l   1  i n   a  c o n v e n t i o n a l   m a n n e r ,   f o r   e x a m p l e ,   by  means   o f  

a  s u s p e n s i o n   c o m p r i s i n g   t h e   l u m i n e s c e n t   m a t e r i a l s .  

The  f o l l o w i n g   e m b o d i m e n t s   r e l a t e   to  l a m p s   o f  

t h e   k i n d   d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e   8  (36  W - t y p e ) .  

T h e s e   l a m p s   w e r e   p r o v i d e d   w i t h   a  l u m i n e s c e n t   l a y e r   c o m -  

p r i s i n g   a  h o m o g e n e o u s   m i x t u r e   of   a  b l u e - l u m i n e s c i n g   m a t e r i -  

a l   a c t i v a t e d   by  b i v a l e n t   e u r o p i u m ,   a  l u m i n e s c e n t   h a l o p h o s -  

p h a t e   and  a  l u m i n e s c e n t   m e t a b o r a t e .   A l l   t h e s e   m a t e r i a l s  

o r i g i n a t e d   f rom  p r o d u c t i o n   l o t s   or  f rom  l a r g e r   t e s t   l o t s .  

F o r   t h e   b l u e - l u m i n e s c i n g   m a t e r i a l ,   a  c h o i c e   was  made  f r o m  

a  s t r o n t i u m  a l u m i n a t e   (SAE)  of   t h e   k i n d   d e s c r i b e d   a b o v e   a n d  

i n d i c a t e d   i n   F i g u r e   1  by  t h e   c o l o u r   p o i n t   17,  a  b a r i u m  

a l u m i n a t e   (BAE)  o f   t h e   k i n d   i n d i c a t e d   i n   F i g u r e   1  by  t h e  

c o l o u r   p o i n t   20,  and   a  b o r a t e   p h o s p h a t e   (SBP)   c o m p a r a b l e  

w i t h   t h e   m a t e r i a l   i n d i c a t e d   i n   F i g u r e   1  by  t h e   c o l o u r   p o i n t  
18.  As  h a l o p h o s p h a t e s   t h r e e   w h i t e - l u m i n e s c i n g   m a t e r i a l s  

w e r e   u s e d   ( h a l o   8,  h a l o   9  and  h a l o   15 ) ,   w h i c h   a r e   a n a l o g o u s  

to  t h e   a f o r e m e n t i o n e d   m a t e r i a l s   h a v i n g   c o l o u r   p o i n t s   8,  9 

and   15,  r e s p e c t i v e l y ,   i n   F i g u r e   1,  and  a  y e l l o w - l u m i n e s c i n g  

h a l o p h o s p h a t e   ( h a l o   1 0 ) .   The  l u m i n e s c e n t   m e t a b o r a t e s   u s e d  

( b o r a t e   1  to  b o r a t e   6  i n c l u s i v e )   c o n t a i n   b o t h   Mn  and  T b  

so  t h a t   b o t h   t h e   r e d   Mn 2+  e m i s s i o n   and  t h e   g r e e n   T b 3 + e m i s -  

s i o n   can   be  s u p p l i e d   by  e a c h   of   t h e s e   m a t e r i a l s .   T h e  

f o r m u l a e   of   t h e   m a t e r i a l s   u s e d   a r e   g i v e n   i n   t h e   f o l l o w i n g  



T a b l e   2 .  

In   o r d e r   to  d e t e r m i n e   t h e   p r o p e r t i e s   of   t h e s e  
m a t e r i a l s ,   l a m p s   w e r e   f i r s t   m a n u f a c t u r e d   (36  W)  w h i c h   w e r e  
p r o v i d e d   w i t h   o n l y   t h e   r e l e v a n t   l u m i n e s c e n t   m a t e r i a l .   T h e  
r e l a t i v e   l u m i n o u s   f l u x  η   ( i n   lm/W)  and  t h e   c o l o u r   p o i n t  
( x , y )   w e r e   m e a s u r e d .   The  r e s u l t s   a r e   i n d i c a t e d   i n   T a b l e   3 .  



E x a m p l e   1 

A  l amp  was  p r o v i d e d   w i t h   a  l u m i n e s c e n t   l a y e r  

c o n s i s t i n g   o f   a  m i x t u r e   o f  

The  mass   o f   t h e   l u m i n e s c e n t   l a y e r   in   t h e   lamp  was  4 . 0 5   g .  
The  c o l o u r   t e m p e r a t u r e   T  ( i n   K) ,   t h e   c o l o u r   p o i n t   ( x , y )  

t h e   d e v i a t i o n   of   t h e   c o l o u r   p o i n t   f rom  t h e   c u r v e   P  ( Δ P   i n  

MPCD),  t h e   c o l o u r   r e n d e r i n g   i n d i c e s   R ( a , 8 ) a n d   R ( a , 9 4 )   a n d  

t h e   r e l a t i v e   l u m i n o u s   f l u x   ( η  i n   lm/W)  were   m e a s u r e d   o n  

t h e   l a m p :  

E x a m p l e   2 

A  l amp  was  p r o v i d e d   w i t h   a  l u m i n e s c e n t   l a y e r  

( 5 , 5 2   g)  c o n s i s t i n g   o f   a  m i x t u r e   o f  



The  p a r a m e t e r s   of   t h i s   lamp  w e r e  :  

A f t e r   100,  1000  and  2000  o p e r a t i n g   h o u r s ,   t h e  
r e l a t i v e   l u m i n o u s   f l u x   was  70,  67  and  65  lm/W,  r e s p e c t i v e l y .  

E x a m p l e   3 

A  lamp  was  p r o v i d e d   w i t h   a  l u m i n e s c e n t   l a y e r  
( 4 , 5   g)  c o n s i s t i n g   of   a  m i x t u r e   o f  

The  p a r a m e t e r s   of   t h i s   lamp  w e r e  :  

E x a m p l e   4 

A  l amp  was  p r o v i d e d   w i t h   a  l u m i n e s c e n t   l a y e r  
( 4 . 1   g)  c o n s i s t i n g   of   a  m i x t u r e   o f  

The  p a r a m e t e r s   of   t h i s   lamp  w e r e  :  

E x a m p l e   5 

A  l amp  was  p r o v i d e d   w i t h   a  l u m i n e s c e n t   l a y e r  
( 4 . 2 5  g )   c o n s i s t i n g   of  a  m i x t u r e   o f  

The  p a r a m e t e r s   of   t h i s   lamp  w e r e  :  

E x a m p l e   6 

A  l amp  was  p r o v i d e d   w i t h   a  l u m i n e s c e n t   l a y e r  
( 4 . 2 5   g)  c o n s i s t i n g   of  a  m i x t u r e   o f  



The  p a r a m e t e r s   of   t h i s   l amp  w e r e  :  

E x a m p l e   7 

A  l amp  was  p r o v i d e d   w i t h   a  l u m i n e s c e n t   l a y e r  

( 4 . 7 5   g)  c o n s i s t i n g   o f   a  m i x t u r e   o f  

The  p a r a m e t e r s   o f   t h i s   l amp  w e r e  :  

T  =  4900  K,  x  =   0 . 3 4 9 ,   y  =  0 . 3 6 3 ,   Δ P   =  +12  MPCD, 

η  =  6 6   lm/W,  R ( a , 8 )  =   95  and  R ( a , 9 4 )  =   9 4 .  

The  s p e c t r a l   e n e r g y   d i s t r i b u t i o n   o f   t h e   e m i t t e d   r a d i a t i o n  

of   t h i s   lamp  i s   s h o w n   i n   F i g u r e   9.  In   t h i s   F i g u r e ,   t h e  

w a v e - l e n g t h  λ   i n   nm  i s   p l o t t e d   on  t he   a b s c i s s a ;   t he   e m i t -  

t e d   r a d i a t i o n   e n e r g y   E  ( i n   a r b i t r a r y   u n i t s )   p e r   w a v e - l e n g t h  

i n t e r v a l   of  5  nm  i s   p l o t t e d   on  t h e   o r d i n a t e .  



1.  A  l o w - p r e s s u r e   m e r c u r y   v a p o u r  d i s c h a r g e   l a m p  

h a v i n g   a  v e r y   s a t i s f a c t o r y   c o l o u r   r e n d i t i o n ,   h a v i n g   a  

c o l o u r   t e m p e r a t u r e   of   t h e   e m i t t e d   w h i t e   l i g h t   of   a t   l e a s t  

3200   K  and  h a v i n g   a  c o l o u r   p o i n t   ( x L , y L )   on  or   n e a r   t h e  

P l a n c k i a n   l o c u s ,   w h i c h   i s   p r o v i d e d   w i t h   a  g a s - t i g h t  

r a d i a t i o n - t r a n s p a r e n t   e n v e l o p e   c o n t a i n i n g   m e r c u r y   a n d  

r a r e   gas   and  w i t h   a  l u m i n e s c e n t   l a y e r   c o n t a i n i n g   a  l u m i n e s -  

c e n t   h a l o p h o s p h a t e   and   a  l u m i n e s c e n t   m a t e r i a l   a c t i v a t e d  

by  b i v a l e n t  e u r o p i u m ,   c h a r a c t e r i z e d   i n   t h a t   t h e   l u m i n e s -  

c e n t   l a y e r   c o m p r i s e s  :  

a.  a t   l e a s t   one  l u m i n e s c e n t   a l k a l i n e   e a r t h   m e t a l  

h a l o p h o s p h a t e   a c t i v a t e d   by  t r i v a l e n t   a n t i m o n y   or  b y  

t r i v a l e n t   a n t i m o n y   and  by  b i v a l e n t   m a n g a n e s e ,  

b.  a t   l e a s t   one  l u m i n e s c e n t   m a t e r i a l   a c t i v a t e d   b y  

b i v a l e n t   e u r o p i u m   and  h a v i n g   an  e m i s s i o n   maximum  in   t h e  

r a n g e   f rom  470  to  500  nm  and  a  h a l f - w i d t h   v a l u e   of   t h e  

e m i s s i o n   b a n d   of  a t   m o s t   90  nm,  a n d  

c.  a  l u m i n e s c e n t   r a r e   e a r t h   m e t a l   m e t a b o r a t e   a c t i -  

v a t e d   by  t r i v a l e n t   c e r i u m   and  by  b i v a l e n t   m a n g a n e s e   a n d  

h a v i n g   a  m o n o c l i n i c   c r y s t a l   s t r u c t u r e ,   w h o s e   f u n d a m e n t a l  

l a t t i c e   c o r r e s p o n d s   to  t h e   f o r m u l a   L n ( M g , Z n , C d ) B 5 0 1 0 '   i n  

w h i c h   Ln  i s   a t   l e a s t   one  of   t h e   e l e m e n t s   y t t r i u m ,   l a n t h a -  

num  and  g a d o l i n i u m   and  in   w h i c h   up  to  20  m o l . %   of   t h e   B 

can   be  r e p l a c e d   by  Al  a n d / o r   Ga,  w h i c h   m e t a b o r a t e   e x h i b i t s  

r e d   Mn2+  e m i s s i o n .  

2.  A  lamp  as  c l a i m e d   in   C l a i m   1,  c h a r a c t e r i z e d  

i n   t h a t   t h e   l u m i n e s c e n t   h a l o p h o s p h a t e  a   i s   a  c a l c i u m  

h a l o p h o s p h a t e   a c t i v a t e d   by  a n t i m o n y   and  m a n g a n e s e   a n d  

h a v i n g   a  c o l o u r   t e m p e r a t u r e   of   t h e   e m i t t e d   r a d i a t i o n   o f  

a t   l e a s t   2900  K. 

3.  A  lamp  as  c l a i m e d   in   C l a i m   1  or   2,  c h a r a c t e r i z e d  

i n   t h a t   t h e   l u m i n e s c e n t   l a y e r   c o n t a i n s   a  l u m i n e s c e n t  

m a t e r i a l   (d)   a c t i v a t e d   by  t r i v a l e n t   t e r b i u m ,   w h i c h   h a s  



g r e e n   Tb3+  e m i s s i o n .  

4.  A  lamp  as  c l a i m e d   i n   C l a i m   3,  c h a r a c t e r i z e d   i n  

t h a t   t h e   l u m i n e s c e n t   m e t a b o r a t e  c   i s   f u r t h e r   a c t i v a t e d  

by  t r i v a l e n t   t e r b i u m ,   t h e   m e t a b o r a t e   c  b e i n g   a t   t he   s a m e  

t i m e   t h e   m a t e r i a l   d  and   s a t i s f y i n g   t h e   f o r m u l a  

i n   w h i c h   0 . 0 1  ≤   x  ≤  1 - y  

0 . 0 1  ≤  y  ≤  0 . 7 5  

0 . 0 1  ≤   p  ≤   0 . 3 0   and  i n   w h i c h   up  to  20  mo l .%  o f  

t h e   B  can   be  r e p l a c e d   by  Al  a n d / o r   G a .  

5.  A  lamp  as  c l a i m e d   i n   C l a i m   1,  2 ,  3   or  4 ,  

c h a r a c t e r i z e d   i n   t h a t   t h e   m a t e r i a l   b  i s   a  l u m i n e s c e n t  

a l u m i n a t e   a c t i v a t e d   by  b i v a l e n t   e u r o p i u m   and   c o r r e s p o n d i n g  

to  t h e   f o r m u l a   Sr1- p E u p A l q O 1 ½ q + 1 ,   i n   w h i c h   up  to  25  m o l . %  

o f   t h e   s t r o n t i u m   c a n   be  r e p l a c e d   by  c a l c i u m   and  i n   w h i c h  

0 . 0 0 1  ≤   p  ≤   0 . 1 0   and   2  ≤  q  ≤   5,  w h i c h   a l u m i n a t e   h a s   i t s  

e m i s s i o n   maximum  a t   4 8 5  -   495  nm  and   h a s   a  h a l f - w i d t h  

v a l u e   of   5 5  -   75  n m .  
6.  A  lamp  as  c l a i m e d   i n   C l a i m   5,  w h i c h   h a s   a  c o l o u r  

p o i n t   o f   t h e   e m i t t e d   r a d i a t i o n   ( x L , y L )   and   a  c o l o u r   t e m p e -  

r a t u r e   T,  T  b e i n g   c h o s e n   to  l i e   i n   t h e   r a n g e   3200  K  ≤   T  

≤  7 5 0 0 K ,   c h a r a c t e r i z e d   i n   t h a t   t h e   h a l o p h o s p h a t e  a   i s   a  

c a l c i u m   h a l o p h o s p h a t e   a c t i v a t e d   by  Sb  or   by  Sb  and  Mn  a n d  

h a v i n g   a  c o l o u r   p o i n t   o f   t he   e m i t t e d   r a d i a t i o n   ( x H , y H ) ,  

xH  l y i n g   i n   t h e   r a n g e   0 . 2 1 0  ≤   x H  ≤   0 . 4 4 0   and   t h e   c o m b i n a t -  

i o n   ( T , x H )   l y i n g   i n   t h e   r e g i o n   of   t h e   g r a p h   of   F i g u r e   2  

d e s i g n a t e d   by  ABCDEFG. 

7.  A  lamp  as  c l a i m e d   i n   C l a i m   6,  h a v i n g   a  c o l o u r  

t e m p e r a t u r e   of   a t   l e a s t   3700  K  and   a  c o l o u r   p o i n t   on  o r  

s u b s t a n t i a l l y   on  t h e   P l a n c k i a n   l o c u s ,   c h a r a c t e r i z e d   i n  

t h a t   t h e   c o m b i n a t i o n   ( T , x H )   l i e s   i n   t h e   r e g i o n   b e t w e e n  

t h e   l i n e s   3  and  4  o f   t h e   g r a p h   of   F i g u r e   2 .  

8.  A  lamp  as  c l a i m e d   i n   C l a i m   1,  2,  3  or  4,  c h a -  

r a c t e r i z e d   i n   t h a t   t h e   m a t e r i a l   b  i s   a  l u m i n e s c e n t   a l u -  

m i n a t e   a c t i v a t e d   by  b i v a l e n t   e u r o p i u m   and   c o r r e s p o n d i n g  

to  t h e   f o r m u l a   Ba1- p E u p A l q O 1 ½ q + 1 ,   i n   w h i c h   t h e   b a r i u m   c a n  

be  r e p l a c e d   up  to  25  m o l . %   by  s t r o n t i u m   and   i n   w h i c h  

0 . 0 0 5  ≤  p  ≤   0 . 2 5   and   5  ≤  q  ≤  1 0 ,   w h i c h   a l u m i n a t e   has   i t s  



e m i s s i o n   maximum  a t   4 7 5  -   485  nm  and   h a s   a  h a l f - w i d t h  

v a l u e   of   7 0  -   90  nm.  

9.  A  lamp  as  c l a i m e d   i n   C l a i m   8,  w h i c h   h a s   a  c o l o u r  

p o i n t   of   t h e   e m i t t e d   r a d i a t i o n   ( x L , y L )   and  a  c o l o u r   t e m p e -  

r a t u r e   T,  T  b e i n g   c h o s e n   to  l i e   i n   t h e   r a n g e   3200  K  ≤  T  

≤   7500  K,  c h a r a c t e r i z e d   i n   t h a t   t h e   h a l o p h o s p h a t e   a  i s   a  

c a l c i u m   h a l o p h o s p h a t e   a c t i v a t e d   by  Sb  or   by  Sb  and  Mn  a n d  

h a v i n g   a  c o l o u r   p o i n t   of   t h e   e m i t t e d   r a d i a t i o n   ( x H , y H ) ,  

xH  l y i n g   i n   t h e   r a n g e   0 . 2 1 0  ≤   x H  ≤   0 . 4 4 0   and  t h e   c o m b i n a t -  

i o n   ( T , x H )   l y i n g   i n   t h e   r e g i o n   of   t h e   g r a p h   of   F i g u r e   4 

d e s i g n a t e d   by  ABCDEF. 

10.  A  l amp  as  c l a i m e d   i n   C l a i m   9  h a v i n g   a  c o l o u r  

t e m p e r a t u r e   of   a t   l e a s t   4800  K  and  h a v i n g   a  c o l o u r   p o i n t  

on  or  s u b s t a n t i a l l y   on  t he   P l a n c k i a n   l o c u s ,   c h a r a c t e r i z e d  

in   t h a t   t h e   c o m b i n a t i o n   ( T , x H )   l i e s   i n   t h e   r e g i o n   b e t w e e n  

t he   l i n e s   2  and  3  of   t h e   g r a p h   o f   F i g u r e   4 .  

11.  A  lamp  as  c l a i m e d   i n   C l a i m   1,  2,  3  or  4,  c h a -  

r a c t e r i z e d   i n   t h a t   t h e   m a t e r i a l   b  i s   a  l u m i n e s c e n t   b o r a t e  

p h o s p h a t e   a c t i v a t e d   by  b i v a l e n t   e u r o p i u m   and  c o r r e s p o n d i n g  

to  t he   f o r m u l a  

i n   w h i c h  

0  ≤  x  ≤  0 . 5  

0  ≤   y  ≤  0 . 2  

0 . 0 0 1  ≤   p  ≤   0 . 1 5  

1 . 7 5  ≤  m  ≤  2 . 3 0  

0 . 0 5  ≤   n  ≤  0 . 2 3 ,  

w h i c h   b o r a t e   p h o s p h a t e   has   i t s   e m i s s i o n   maximum  a t   4 7 0 - 4 8 5  

nm  and  h a s   a  h a l f - w i d t h   v a l u e   of   8 0 - 9 0   nm.  

12.  A  lamp  as  c l a i m e d   i n   C l a i m   11,  w h i c h   h a s   a  c o l o u r  

p o i n t   of  t h e   e m i t t e d   r a d i a t i o n   ( x L , y L )   and  a  c o l o u r   t e m p e -  

r a t u r e   T,  T  b e i n g   c h o s e n   to  l i e   i n   t h e   r a n g e   3200  K  ≤   T  

7 5 0 0   K,  c h a r a c t e r i z e d   i n   t h a t   t h e   h a l o p h o s p h a t e  a   i s   a  

c a l c i u m   h a l o p h o s p h a t e   a c t i v a t e d   by  Sb  or  by  Sb  and  Mn  a n d  

h a v i n g   a  c o l o u r   p o i n t   of   t h e   e m i t t e d   r a d i a t i o n   ( x H , y H ) ,  

x   l y i n g   i n   t h e   r a n g e   0 . 2 1 0  <   x H  ≤   0 . 4 4 0   and  t he   c o m b i n a t -  

i o n   ( T , x H )   l y i n g   in   t he   r e g i o n   of  t h e   g r a p h   of  F i g u r e   6 

d e s i g n a t e d   by  ABCDEF. 

13.  A  lamp  as  c l a i m e d   in   C l a i m   12  h a v i n g   a  c o l o u r  



t e m p e r a t u r e   o f   a t   l e a s t   4300  K  and  h a v i n g   a  c o l o u r   p o i n t  

l o c a t e d   on  or   s u b s t a n t i a l l y   on  t h e   P l a n c k i a n   l o c u s ,  

c h a r a c t e r i z e d   i n   t h a t   t h e   c o m b i n a t i o n   ( T , x H )   l i e s   i n   t h e  

r e g i o n   b e t w e e n   t h e   l i n e s   3  a n d  4   o f   t h e   g r a p h   of   F i g u r e   6 .  
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